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CHAPTER 1: FLOODPLAIN DEVELOPMENT METHODOLOGY

1.1 Study Methodology

Floodplains for Berryessa Creek were developed for the 20, 10, 4, 2, 1, 0.5, and 0.2 percent
chance exceedance flood events. The project study reach for Berryessa Creek extends from
upstream of the Old Piedmont Road in the City of San Jose to just upstream of the Calaveras
Boulevard in the City of Milpitas. The study area watershed is divided into two distinct sub-
areas by the Interstate 680 (I-680) embankment located approximately midway through the
study reach. The I-680 embankment forces breakout flow upstream of the I-680 embankment
to either pond in low areas along the embankment or return to the creek channel. Therefore,
the embankment was used to divide the study area into two separate floodplains, each
modeled with a separate FLO-2D model. The first floodplain encompasses the study area
from Old Piedmont Bridge to the I-680 embankment and is referred to as the Upper Model.
The second floodplain encompasses the study area downstream of the I-680 embankment to
Calaveras Boulevard (with the modeling extending to Penitencia Creek) and is referred to as
the Lower Model. In this appendix, “Lower” Berryessa Creek refers to the portion of the
authorized Federal project downstream from I-680, rather than to the SCVWD’s Lower
Berryessa Creek Project, which is located downstream from the Federal project.

The methodology used for modeling Berryessa Creek overflows was determined through
discussions with the Sacramento District of the U.S. Army Corps (SPK) and the Santa Clara
Valley Water District. The original GRR methodology was built on the premise of using the
available F3 pre-Feasibility Scoping Meeting without-project conditions (pre-FSM) report
steady state HEC-RAS channel (HDR 2004b) and HEC-HMS watershed modeling (NHC,
2003, 2006) coupled with FLO-2D for overbank modeling. The study methodology was
extensively revised in 2010 to account for the effects of upstream attenuation on breakout
flows. It was determined that the Upper FLO-2D model should be extended to encompasses
the urban channelized portions of Sierra Creek, a major tributary to Berryessa Creek. The
study methodology was revised to use FLO-2D to model both the channel and overbank
flows in the Upper Model and use an unsteady HEC-RAS model coupled with FLO-2D for
overbank flow in the Lower Model.

The following sections describe the Original 2004 and Revised 2010 GRR Methodologies.
The original GRR methodology is included to provide continuity for floodplain development
used in the incremental analysis and preliminary array of alternatives development in 2009.
The revised 2010 GRR Methodology was used for evaluation of the final array of
alternatives.



BERRYESSA CREEK PROJECT, SANTA CLARA COUNTY, CALIFORNIA
February 2013 Chapter 1: Floodplain Development Methodology

1-2

Appendix B: Engineering and Design Part II: Floodplain Development

1.1.1 Original 2004 GRR Floodplain Development Methodology

The following steps were used in the development of a one storm event floodplain for any
given alternative/increment:

1. A steady state HEC-RAS model of Berryessa Creek, extending from downstream of
Calaveras Boulevard to upstream of Old Piedmont Road, was constructed to reflect
the alternative being investigated (see Appendix B, Part I, “Hydraulic Analysis of
Alternatives”).

2. The appropriate peak storm event discharges were input into the HEC-RAS model.
Using the methodology developed by HDR, Inc. (HDR 2004b) for the January 2004
Feasibility Scoping Meeting (FSM) document, peak breakout discharges at the
upstream bridge crossings were manually removed from the flow input file (see
Section 1.2.1.1).

3. The Berryessa Creek HEC-RAS model was run with the peak breakout discharge
modified flow input file to determine the lateral peak breakout discharges.

4. The bridge and lateral peak breakout discharges were input into a modified HEC-
HMS model based on the original developed by NHC, Inc. (NHC 2003, 2006) for the
FSM document. The peak breakout discharges were added to the model using
diversion cards to develop diversion hydrographs (see Section 1.3.1).

5. The diversion hydrographs were converted to unit hydrographs (see Section 1.3.1).
6. The HEC-RAS output was used to determine the incremental breakout discharges

from the channel for individual cross sections along the lateral weir (see Section
1.3.1).

7. The incremental lateral breakout discharges were multiplied by the unit hydrographs
to develop inflow hydrographs for the FLO-2D Grid Cells along the lateral weirs (see
Section 1.3.1).

8. The upstream bridge breakout hydrographs were assigned to the appropriate FLO-2D
grid cell (see Section 1.3.1).

9. The lateral breakout hydrographs and bridge breakout hydrographs were combined
into FLO-2D format inflow input files for the Upper and Lower Models.

10. The Upper and Lower FLO-2D Models were run using the event inflow files.
11. The Upper and Lower FLO-2D output files were processed using the FLO-2D post-

processor program MAPPER to create water surface elevation and flow depth
ArcMap shapefiles based on the FLO-2D grid system.

12. The water surface elevations grids were overlain on the structure shapefiles and the
water surface elevation for the impacted structures were assigned in ArcMap. This
data was then supplied to the study economist.

13. The flow depth output from the Upper and Lower FLO-2D models were overlain on
the aerial photographs to create the floodplain mapping.
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1.1.2 Revised 2010 GRR Floodplain Development Methodology

The 2010 revisions to the GRR methodology allowed for simplifying the workflow needed to
develop a floodplain for a given alternative. The following steps describe the development of
a one-storm-event floodplain using the revised GRR methodology.

1. A FLO-2D model of the Upper Berryessa Creek and overbanks extending from Old
Piedmont Road to I-680 was constructed to reflect the existing without-project
conditions.

2. An unsteady HEC-RAS model was developed for Berryessa Creek downstream of I-
680 (see Appendix B, Part I, “Hydraulic Analysis of Alternatives”).

3. The inflow for Berryessa Creek upstream of Old Piedmont Road was taken from the
HEC-HMS model developed by NHC, Inc. (NHC, 2003, 2006) for the FSM
document.

4. The inflow hydrographs for the three Upper Model tributaries, Sierra, Crosley, and
Sweigert Creeks, were determined from the HEC-HMS model. The tributary inflow
hydrographs were adjusted to account for the culvert inlets capacity based on full
inlet flow control (see Section 1.3.2.1).

5. The inflow hydrographs were formatted into a FLO-2D format inflow file for the
Upper Model, and the Upper Berryessa Creek FLO-2D model was run.

6. The I-680 outflow hydrograph from the Upper FLO-2D Model was then used as the
inflow at the upstream boundary of the unsteady Lower Berryessa Creek HEC-RAS
Model. Hydrographs for subareas and tributaries entering Berryessa Creek
downstream of I-680 were taken from the HEC-HMS model developed by NHC, Inc.
and input in the Lower HEC-RAS model.

7. The Lower HEC-RAS model was then run to determine the breakout flows along the
creek.

8. The lateral weir output was used to determine the incremental breakout discharge
from the channel between individual cross sections as well as the overall lateral weir
outflow hydrograph and the incremental lateral breakout discharges were used to
distribute the breakout hydrograph along the lateral weirs extent (see Section 1.3.2.2).

9. The lateral breakout hydrographs were combined into a FLO-2D format inflow file
for the Lower FLO-2D Model (see Section 1.3.2.2).

10. The Lower FLO-2D Model was run using the event inflow files.
11. The Upper and Lower Model FLO-2D output files were processed using the FLO-2D

post-processor program MAPPER to create water surface elevation and flow depth
ArcMap shapefiles based on the FLO-2D grid system.

12. The water surface elevations grids were overlain on the structure shapefiles and the
water surface elevation for the impacted structures were assigned in ArcMap. This
data was then supplied to the study economist.

13. The flow depth output from the Upper and Lower FLO-2D Models were overlain on
the aerial photographs for the study area to create the floodplain mapping.
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1.2 HEC-RAS Outflow Breakout Discharge Development

Breakout flows from the HEC-RAS models were used as inputs into the Upper and Lower
FLO-2D Models for the original GRR methodology. For the revised GRR methodology, the
HEC-RAS breakout flows were only used for the Lower FLO-2D model. The following
sections describe the original and revised GRR methodologies for developing the breakout
discharges from the Berryessa Creek HEC-RAS model.

1.2.1 Original GRR HEC-RAS Breakout Discharge Development Methodology

The without-project Berryessa Creek HEC-RAS model was originally developed by HDR,
Inc. (HDR 2004a) in support of the F3 (pre-FSM) phase of the GRR. During the F4 pre-
Alternative Formulation Briefing with-project conditions (pre-AFB) phase of the GRR from
2005-2009, the HEC-RAS model was further refined by Tetra Tech, Inc. and the refined
baseline model was then used to determine the without-project breakout discharges from
Berryessa Creek.

The without-project HEC-RAS model developed by HDR, Inc. simulated breakout
discharges using the lateral weir routine. The routine automatically determines the breakout
discharge over a lateral weir between each cross section within the lateral weir. The lateral
weir routine removes the breakout discharge from further downstream computation in the
model and they were permanently removed from the system. A new version of the HEC-RAS
software was released by HEC between the F3 (pre-FSM) and F4 (pre-AFB) phases of the
GRR containing improvements to the lateral weir routines. Due to changes in the software,
without-project breakout discharges were recomputed using the updated HEC-RAS software.

Another crucial part of the Upper Model modeling effort was to quantify the breakout
discharges at the three crossings of concern over Berryessa Creek upstream of I-680. The
crossing breakout discharges occur at Old Piedmont Road Bridge, Piedmont-Cropley
Culvert, and Morrill Avenue Culvert. The lateral weir routine does not support usage at
bridge and culvert crossings. In order to determine the breakouts at the bridges, HDR, Inc.
developed a methodology to iteratively determine the breakout discharges and remove them
from the input flow file. This same method was used for the F4 (pre-AFB) phase of the GRR
to determine the breakout discharges at the three crossings for this model.

1.2.1.1 Bridge Breakouts

The major source of flooding for the Upper FLO-2D model upstream of I-680 is breakout
flows originating at bridge and culvert crossings. The breakouts occur at Old Piedmont Road
Bridge, Piedmont-Cropley Culvert, and Morrill Avenue Culvert. Using the methodology
developed by HDR, Inc. during the F3 (pre-FSM) phase of the GRR, the breakout discharges
were determined starting at the Old Piedmont Bridge working downstream (HDR 2004a).

Tetra Tech, Inc. refined baseline and alternative HEC-RAS models were used to determine
the bridge/culvert breakout discharges. The initial steady flow data file was prepared using
the peak discharges from the F3 (pre-FSM) hydrology prepared by NHC, Inc. (NHC 2006).
The following methodology, as developed for the F3 (pre-FSM) portion of the GRR, was
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used to determine and account for the bridge/culvert breakout discharges at the three
crossings.

1. The initial steady flow data run, developed using the F3 (pre-FSM) hydrology, was
run in the alternative HEC-RAS model.

2. The HEC-RAS model output was used to determine the breakout discharge flow at
Old Piedmont Road (see Section 1.2.2.1).

3. The peak breakout discharge for the Old Piedmont Road Bridge was subtracted from
the flow steady flow data for all flow change locations downstream of Old Piedmont
Road to create the first interim steady flow data set.

4. The model was then run using the first interim steady flow data set. The breakout
discharge for the Piedmont-Cropley Culvert was then determined from the HEC-RAS
output (see Section 1.2.2.1).

5. The Piedmont-Cropley Culvert breakout discharge was subtracted from the steady
flow data set for all locations downstream of the Piedmont-Cropley flow change
location to create the second interim steady flow data set.

6. The model was run using the second interim steady flow data set. The breakout
discharge from Morrill Avenue Culvert was then determined from the HEC-RAS
output (see Section 1.2.2.1).

7. The Morrill Avenue breakout discharge was then subtracted from the steady flow data
set for all flow change locations downstream of Morrill Avenue to create the final
steady flow data set for the model.

8. The HEC-RAS model was run using the final steady flow data set to determine the
lateral weir breakout discharges for Berryessa Creek upstream of I-680.

It should be noted that this method was used to determine the breakout discharges and steady
flow data sets only for the locations above I-680. The primary assumption of this
methodology is that all breakout flows returns to Berryessa Creek at the I-680 culvert,
negating the need to continue modeling the breakout flow deletion downstream of the I-680
culvert. This assumption negates the need to actually model the return of the breakout flows
to the channel and the hydrology downstream of the I-680 culvert is taken directly from
without-project hydrology as reported by NHC, Inc. (NHC 2003, 2006). This method is
described in more detail in the Hydraulic Modeling Berryessa Creek Floodplain
Development (HDR 2004a).

1.2.1.2 HEC-RAS Steady Flow Data Set Development

The HEC-RAS Berryessa Creek model contains numerous tributary inflows, bridge/culvert
breakouts, and lateral weir breakouts in the study area. The without-project hydrology for
Berryessa Creek produced by NHC, Inc. was used as the initial HEC-RAS steady flow data
set. Since the breakout discharges at the bridges could not be handled internal to the HEC-
RAS program, the breakout discharges were manually removed from the initial HEC-RAS
steady flow data set. This iterative process was completed for each frequency event run.

The bridge/culvert breakout discharges were removed from the steady flow data set by
subtracting the bridge/culvert breakout discharge from each flow change location
downstream of the breakout to the I-680 culvert. The process created an interim steady flow
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data set that was then used to determine the breakout discharge at the next downstream
bridge. Once all bridges/culverts breakout discharges were determined, the final steady flow
data set for the frequency event was completed for the Upper Model.

The bridge breakouts are located upstream of I-680. The primary assumptions of the
methodology was that the overland flow in the Upper Model returned to the channel at the I-
680 culvert and no change in the flows downstream of the culvert would occur. This
assumption was used to develop the F3 (pre-FSM) hydrology (NHC 2003) and floodplain
development (HDR 2004a) and was continued to this phase for continuity. Therefore the
steady flow data for the HEC-RAS downstream of I-680 was taken directly from the without-
project hydrology peak flows.

Old Piedmont Road
Old Piedmont Road at the Berryessa Creek Bridge slopes away from the channel and
connects to a number of adjacent streets that continue to slope away from Berryessa Creek
channel. Flows escaping in this area will continue away from the creek until returning to the
channel near the I-680 culvert. In general, a majority of the flow overtopping Old Piedmont
Bridge will be simple weir flow across the bridge deck and re-enter the creek channel on the
downstream side of the bridge. A small portion of the weir flow though, will follow the road
slope and flow away from the channel.

The Old Piedmont Road Bridge breakout discharges were developed using the method
developed by HDR, Inc. for the F3 (pre-FSM) condition HEC-RAS model (HDR 2004b).
This approach uses the flow depth over the bridge deck as the energy grade elevation for
flows escaping down Old Piedmont Road. A simple Old Piedmont Road HEC-RAS model
was constructed based on the road dimensions and slope and was used to develop a discharge
versus energy grade elevation rating curve for the flows down Old Piedmont Road. The Old
Piedmont Bridge deck elevation was subtracted from the water surface elevation from
Berryessa Creek HEC-RAS model to determine the Old Piedmont Road energy grade
elevation. The energy grade elevation and the rating curve were then used to determine Old
Piedmont Road breakout discharge.

Piedmont-Cropley Culvert
The culvert under Piedmont road and Cropley Avenue is a major point source of flooding
upstream of I-680 due to the limited culvert capacity. The breakout discharge at the
Piedmont-Cropley Culvert was determined by using the culvert weir flow as computed by the
HEC-RAS model. The entire weir flow was assumed to escape and not return to the channel
downstream of the culvert for the following reasons:

(a) The culvert is over 407 feet long.
(b) The breakout spills onto Cropley Avenue which slopes away from Berryessa Creek.
(c) The culvert alignment crosses two major roads, a number of raised curbs, and traffic

islands between the culvert inlet and outlet that prevent the flow from continuing
down the creek at end of the culvert.
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Morrill Avenue Culvert
The Morrill Avenue culvert was the last remaining point breakout location in the Upper
Model that required manual correction. The breakout discharge at this culvert was assumed
to not re-enter the creek downstream of the culvert for the following reasons:

1. The headwall at Morrill Avenue is raised approximately 3 feet for the width of the
culvert both upstream and downstream of the culvert, does not tie into any flow
barrier, and prevents flow from continuing downstream. The upstream headwall is
shown in Figure 1-1.

2. The roads adjacent to Morrill Avenue paralleling either side of Berryessa Creek slope
away from the channel and into residential subdivisions areas.

Due to the headwall disruption and flow paths away from the creek, the Morrill Avenue
breakout was based on the weir flow as determined by the HEC-RAS model.

Figure 1-1 Morrill Avenue Culvert Headwall looking Downstream

Lateral Overflows
The remaining source of flooding from Berryessa Creek for the Upper Model and all of the
flooding for the Lower Model is overflow from low areas along the creek banks. All lateral
overflows in the Upper Model were assumed to break from the creek and flow independently
overland due to the alluvial fan nature of the upper creek. In the Lower Model the channel
alignment has been re-routed in the past, so that the channel is now nearly perpendicular to
the general topographic slope. Therefore, breakout flows in the Lower Model would flow
away from the creek following the general topographic slope. Breakout flows would be
forced to re-enter the creek only once they meet a barrier that redirects flow back towards the
channel. The barriers for the Lower Model watershed include the I-680 embankment, the
Penitencia Creek floodwall, and levees downstream of the study area along the lower
Berryessa Creek.
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The channel reaches with lateral flooding potential were modeled in the Berryessa Creek
HEC-RAS model using the lateral weir routine. The lateral weir routine in HEC-RAS
calculates a peak overbank discharge between each cross section based on the water surface
elevations and the lateral weir elevation at each cross section for the specified lateral weir
reach. The lateral weir routine accounted for the breakout discharge loss from the channel by
reducing the channel flow for the next downstream cross section. The lateral weir breakout
flow was coded to leave the modeling system and not return later to a downstream cross
section.

Three lateral weirs were modeled in the HEC-RAS model for the reach upstream of I-680 for
the baseline, two along the left bank and one along the right bank. Four lateral weirs were
modeled along the left bank of the baseline HEC-RAS model downstream of I-680. Table
1-1 lists the lateral breakout locations and stations as coded in the HEC-RAS model. The
lateral weir lengths were taken from the lateral structure embankment stationing in the HEC-
RAS model as developed by HDR (HDR, 2004b).

Table 1-1 Lateral Weir Locations
Weir Location

(Upstream To Downstream)
Upstream Station

Downstream
Location

Length, Ft

Upstream of Crosley Creek Parkhaven to
Messina (Right Bank)1 31,895 31,026 869

Upstream of Morrill Street –Crosley to US of
Morrill (left bank)1 30,468 29,993 475

Upstream of Cropley Ave. – Downstream of
Morrill Street to Cropley Ave (Left Bank)1 28,161 27,642 519

Upstream of Montague Ave. - I-680 to
Montague (Left Bank)1 25,295 21,821 3,474

Downstream of Montague – Downstream of
Montague to UPRR Bridge (Left Bank)2 21,666 21,270 396

Upstream of Yosemite Avenue –
Downstream of Ames Avenue to Yosemite
Avenue (Left Bank)2

18,543 17,602 941

Downstream of Yosemite Street –Yosemite
to Piedmont Creek (Left Bank)2,3 17,460 16,654 806

Downstream of Piedmont Creek – Piedmont
Creek to Los Coches Ave (Left Bank)2,3 16,654 14,467 2,187

Notes:
1. Lateral weirs included in the Lower Model.
2. Lateral weirs included in the Upper Model.
3. The Yosemite to Los Coches lateral weir was modeled as one lateral weir in the HEC-RAS model,

but treated as two in the inflow input due to additional inflow from Piedmont Creek

The total breakout discharge for each lateral weir reach was determined by subtracting the
downstream most weir cross section channel flow from the upstream most weir channel cross
section. The incremental lateral weir breakout discharge is the overflow between individual
cross sections in a lateral weir reach and was determined by subtracting adjoining cross
sections along the lateral weir length. The sum of the incremental lateral weir breakout
discharges equals the total breakout discharge. The peak incremental lateral weir breakout
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discharge was then used to apportion the lateral weir breakout hydrographs along the
respective FLO-2D grid nodes along the lateral weir.

1.2.2 Revised GRR HEC-RAS Breakout Discharge Development Methodology

The revised GRR methodology modified the HEC-RAS model for the Lower Model. The
without-project Berryessa Creek HEC-RAS model, originally developed by HDR, Inc. (HDR
2004a) in support of the F3 (pre-FSM) phase of the GRR, was modified to eliminate the
reach upstream of the I-680 culvert. In addition, the 60 percent
design for the Santa Clara Valley Water District’s Lower Berryessa Project (starting just
downstream of Calaveras Bridge) was incorporated in the HEC-RAS geometry. The HEC-
RAS model inflow inputs were then modified to allow the model to run in the unsteady
mode. The Upper FLO-2D model was modified to include the Berryessa Creek and Lower
Sierra Creek channels and extended south to the boundary with the Penitencia Creek
watershed. The Upper FLO-2D model was used to develop the channel outflow hydrograph
at the I-680 culvert eliminating the need for HEC-RAS modeling upstream of the I-680
culvert. The revised HEC-RAS model was then used to determine the without-project
breakout discharges from Berryessa Creek for the Lower Model.

The without-project HEC-RAS model simulated breakout discharges using the lateral weir
routine. The routine automatically determines the breakout discharge hydrograph over each
lateral weir. The lateral weir routine removes the breakout discharge from further
downstream computation in the model unless coded to return to the channel.

1.2.2.1 Lower Model HEC-RAS Unsteady Flow Data Set Development

The lower HEC-RAS Berryessa Creek model contains numerous tributary inflows in the
study area and for the reach downstream of the Calaveras Boulevard. The results of the
without-project HEC-HMS model developed for the F3 (pre-FSM) portion of the GRR (NHC
2003) were used to generate the inflow hydrographs to the Lower Model. Hydrographs for
each inflow location to Berryessa Creek were taken from the HEC-HMS model and added as
lateral inflow hydrographs. The upstream boundary inflow hydrograph was developed from
the Upper Model FLO-2D outflow at the I-680 culvert.

Downstream of I-680, flow breaks out of the channel from low areas along the creek banks.
The lateral overflows for the Lower Models were modeled using the lateral weir routine for
the unsteady HEC-RAS model. The assumptions associated with the lateral weir overflows
for the Lower Model from the original GRR methodology were kept in the revised GRR
methodology. These assumptions include:

 Breakout flows in the Lower Model will flow away from the creek and follow the
general topographic slope.

 Breakout flows will be re-directed back to the channel only once they meet a barrier.
For the Lower Model, the Penitencia Creek floodwall and levees on Berryessa Creek
downstream of the study area served as the barriers.
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The four lateral weirs were modeled along the left bank of the baseline HEC-RAS model
downstream of I-680. The associated lateral weir locations and crest elevations from the
baseline HEC-RAS model were retained. Table 1-1 lists the lateral breakout locations for the
Lower Model (indicated by notation 2) and the weir lengths used in the HEC-RAS model.

By applying the lateral weir routine in an unsteady HEC-RAS model, the outflow hydrograph
for each lateral weir was directly computed. The peak incremental breakout discharge for
each lateral weir reach was determined by sequentially subtracting the channel discharge
associated with the maximum water surface for adjoining cross sections along the lateral
weirs. The peak incremental lateral weir breakout discharge was then used to apportion the
lateral weir breakout hydrographs along the respective FLO-2D grid nodes along the lateral
weir.

1.3 FLO-2D Inflow Development

FLO-2D requires inflow hydrographs to simulate the flooding over the grid system. Inflow
hydrographs were therefore developed for input into the Upper and Lower FLO-2D models
from the baseline HEC-RAS and HEC-HMS modeling. The following sections describe the
original and revised GRR methodologies for developing the inflow hydrographs to the Upper
and Lower FLO-2D Models.

1.3.1 Original GRR FLO-2D Inflow Methodology

The updated without-project HEC-HMS model developed for the F3 (pre-FSM) portion of
the GRR (NHC 2006) was used to develop the shape of the hydrographs for the breakouts
from the bridges, culverts, and lateral weirs. The without-project hydrology does not route
breakout flows separately through the study area and therefore does not include any
attenuation for breakouts that flow overland and later return to Berryessa Creek at the I-680
culvert. The assumption of no attenuation of breakout flows was maintained throughout the
GRR as described in the without-project hydraulics (HDR 2004a, NHC 2003, 2006).

The assumption of no attenuation for breakout flow was used in the development of the
breakout hydrographs to maintain consistency with the F3 (pre-FSM) hydrology. The
without-project HEC-HMS model was modified to create two breakout diversion HEC-HMS
models, one for Berryessa Creek above I-680 and one for the Berryessa Creek below I-680.
The upstream HEC-HMS models contains the breakouts at the three bridge/culvert crossings
and the three lateral weirs located upstream of I-680. No separate routing of these breakout
flows above I-680 was done to remain consistent with the without-project hydrology. The
downstream HEC-HMS model contains the breakouts for the four lateral weirs downstream
of I-680 with no diversions upstream of I-680.

To modify the without-project HEC-HMS model, diversion cards were inserted into the
HEC-HMS model at the locations of the breakouts. The diversion cards were used to specify
a rating curve relating the total channel inflow to diverted outflow. Flow remained in the
channel until the channel capacity was exceeded. Once the channel capacity was exceeded,
all excess flow was diverted. The channel capacity was determined from the HEC-RAS
model output to be the bridge/culvert capacity at the bridge breakout locations and the
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channel flow at the downstream most cross section of the lateral weirs. The overflow
hydrographs were created from the HEC-HMS output from the diversion nodes.

Since the FLO-2D model is a volume conserving, two-dimensional flood routing model, the
area of inundation is primarily a function of the flood volume in the hydrograph. The flood
hydrograph in Berryessa Creek is relatively steep and narrow, see Figure 1-2, with the peak
discharge associated with a flood volume. In Berryessa Creek upstream of I-680, the 1%
chance exceedance flood event at the Cropley-Piedmont Culvert has a volume of 686 acre-
feet and peak discharge of 1,370 cfs over a total duration of 72 hours. The majority of the
flood flow occurs over a seven hour duration. The without-project culvert capacity is 1,016
cfs resulting in an ability to pass 96% of the total 1% chance exceedance flood volume. The
resulting breakout flow volume is 28 acre-ft with a peak discharge of 354 cfs accounting for
4% of the total volume of the flood hydrograph and occurs for less than a two hour duration.

Figure 1-2 1% Chance Exceedance Flood Event Hydrograph Upstream and Downstream of
Piedmont-Cropley Breakout for the Without-Project Condition
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Figure 1-3 shows the inflow, outflow, and breakout hydrographs for the lateral breakout from
the I-680 culvert to Montague Avenue on Berryessa Creek downstream of I-680 for the 1%
chance exceedance flood event. The double peak seen in the figure is the result of a
difference in timing of Sierra Creek which enters Berryessa Creek just upstream of Morrill
Avenue. The resulting hydrograph has a 1% chance exceedance storm volume of 1,351 acre-
ft with a peak discharge of 2,140 cfs. The lateral breakout upstream of Montague Avenue
results in a total flood volume of 199 acre-ft escaping into the floodplain over the length of
the reach with a peak discharge of 1,170 cfs. The breakout is approximately 15% of the total
flood volume. The channel downstream of the breakout contains a total of 970 cfs and passes
a flood volume of 1,152 acre-ft.

The diversion hydrographs developed with the modified HEC-HMS model were converted to
unit hydrographs by dividing the diversion hydrograph discharge at each time step by the
peak hydrograph discharge. The incremental lateral breakout discharge was used along with
the diversion unit hydrograph to create a breakout hydrograph for each cross section in the
lateral weir. The breakout hydrographs were then used in the creation of the FLO-2D flow
input files. The details of the creation of these FLO-2D inflow files are discussed in Section
2.1.8.

Figure 1-3 1% Chance Exceedance Flood Event Hydrograph for Lateral Weir Breakout between I-
680 Culvert and Montague Avenue for the Without-Project Condition
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1.3.2 Revised GRR FLO-2D Inflow Methodology

Due to the 2010 revisions to the Upper Model, the development of the FLO-2D inflow files
differs for the Upper and Lower Models. The Upper Model inflows are based on inflow to
the Berryessa and Sierra Creek channels. The Lower Model inflows are based on the lateral
weir breakout discharges as in the original GRR methodology with minor changes in the
development process. The following sections describe the process for developing the inflows
for the Upper and Lower FLO-2D Models

1.3.2.1 Upper Model

The major revision to the original GRR was the modification of the Upper FLO-2D model to
include the Berryessa and Sierra Creek channels. This modification allowed for the Upper
FLO-2D Model to compute both the in-channel and overbank flows for Berryessa Creek,
eliminating the need to manually transfer the breakouts between the HEC-RAS and FLO-2D
models. In addition, the attenuation of overland flow and storage in low areas is accounted
for in the revised GRR methodology.

The Upper FLO-2D Model routed the flows from upstream of Old Piedmont Road to the I-
680 culvert. The outflow hydrograph at the I-680 culvert was then used as the inflow
hydrograph to the Lower HEC-RAS model.
The results from the without-project HEC-HMS model developed for the F3 (pre-FSM)
portion of the GRR (NHC 2003) were used for the inflow hydrographs to the Upper Models.
Inflow hydrographs were developed for the upstream end of Berryessa Creek and three
tributary inflows entering the creek upstream of I-680. The locations of the four inflow points
to the Upper Model were:

 Berryessa Creek above Old Piedmont Road
 Sweigert Creek culvert outlet at Berryessa Creek
 Crosley Creek culvert outlet at Berryessa Creek
 Sierra Creek culvert outlet at upstream end of Sierra Creek urban channel

The inflow hydrograph for Berryessa Creek above Old Piedmont Road was taken directly
from the HEC-HMS model results.

The three tributary inflows are conveyed fully—or partially, in the case of Sierra Creek—to
the Berryessa Creek Channel. The HEC-HMS modeling did not incorporate the effects of the
culvert capacity on the inflow to Berryessa Creek. In order to include the limitations of the
culvert’s capacity, the inflow hydrographs for each tributary were modified to account for the
inlet capacity at the upstream end of the storm drain culverts where the flows from the
undeveloped areas were captured and routed beneath the residential areas to Berryessa Creek.
The limiting capacity of the storm drain system in the residential areas between the culvert
upstream inlet and outlet at Berryessa Creek were not addressed. This was due to complexity
of the residential culvert networks with a multitude of storm drain inlets in the residential
areas. Addressing this issue would require a level of modeling beyond the scope of the GRR.
The hydrologic modeling conveyed the entirety of the flow from tributary creeks to
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Berryessa Creek without accounting for conveyance limitations in the interior drainage
system. Hence, the inflow to Berryessa Creek, especially for the larger events is likely to be
overestimated. The overestimation of the flows in Berryessa Creek leads to a conservative
design and therefore it was deemed acceptable not to model the interior drainage system,

Each of the three creeks was modeled in the HEC-HMS model by two subbasins. The upper
subbasin represented the undeveloped watershed above the culvert inlet and the lower
subbasin represented the developed area downstream of the culvert inlet. The tributary inflow
hydrographs were developed using the following steps:

1. The outflow hydrographs for the upper and lower subbasins for each tributary creek
were taken from the HEC-HMS model and entered into an Excel spreadsheet.

2. The upper outflow hydrograph was subtracted from the lower outflow hydrograph to
produce the hydrograph for the lower subbasin contribution at Berryessa Creek.

3. The capacity of the culvert inlets, assuming full inlet control, was determined for each
culvert to the top of the inlet headwall.

4. The upper watershed hydrograph was truncated for flows above the culvert inlet
capacity assuming all flows greater than the inlet capacity was lost.

5. The truncated upper and lower hydrographs were combined to create the inflow
hydrograph to the Upper FLO-2D model.

The Berryessa Creek hydrograph and the three tributary hydrographs were then compiled
into a FLO-2D inflow file for each storm event.

1.3.2.2 Lower Model

The Lower Model used the unsteady Berryessa Creek HEC-RAS model to route in-channel
flows and develop the breakout flows. The resulting breakouts were then routed overland
using FLO-2D. The resulting breakout hydrograph for each of the four lateral weirs in the
HEC-RAS model was used as the basis for the inflow hydrographs to the Lower FLO-2D
Model. The unsteady HEC-RAS model results were apportioned to the FLO-2D grid cell
along the lateral weirs and then converted to a FLO-2D model compatible inflow file. The
Lower FLO-2D Model inflow file was developed using the following steps:

1. The lateral weir breakout hydrographs and peak channel discharges corresponding to
the maximum water surface for all Berryessa Creek cross sections were entered into
an Excel spreadsheet.

2. The cross sections along the lateral weirs were assigned to corresponding FLO-2D
nodes in the Lower Model. Due to the spacing of the cross sections and grid cell size,
some cross sections were assigned to multiple grid nodes.

3. The incremental peak breakout discharges were determined by subtracting the peak
channel flow of adjoining cross sections along each lateral weir.

4. The incremental peak breakouts for each lateral weir were then converted to a
percentage of the total peak lateral weir breakout, and the percentage of breakout flow
discharging at each FLO-2D grid was determined. For cross sections assigned to
multiple FLO-2D grid nodes, the cross section percentage was divided equally among
the FLO-2D grids.
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5. The lateral weir outflow hydrographs were apportioned along the FLO-2D lateral
weir grid cells by multiplying the lateral breakout hydrograph by the breakout flow
percentages determined in Step 4 for each grid cell. Individual breakout hydrographs
for each grid were developed.

6. The individual grid hydrographs were combined into a FLO-2D inflow file.
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CHAPTER 2: FLO-2D MODEL DEVELOPMENT

Separate FLO-2D models were developed by Tetra Tech for the Upper Model and Lower
Model. In 2010, the Upper FLO-2D Model was revised by adding the Berryessa and Sierra
Creek channels to the FLO-2D model and expanding the overall coverage of the Upper
Model. The following sections discuss the development of the original Upper and Lower
FLO-2D Model and the revisions made to the Upper FLO-2D Model in 2010.

2.1 Original GRR FLO-2D Model

Version 2004.6.1 of FLO-2D was used to model the Berryessa Creek Overflow Floodplains.
The creation of the FLO-2D model required for the analysis included the following steps:

(a) Creation of the FLO-2D grid system
(b) Graphical spatial editing of streets, levees and hydraulic structure model components
(c) Preparation of the inflow hydrographs

The FLO-2D model and each of the model features above will be discussed in the following
sections.

2.1.2 FLO-2D Description

FLO-2D is a volume conservation model that distributes a flood hydrograph over a system of
square grid elements (tiles). It is a two-dimensional flood routing model that numerically
routes a flood hydrograph while predicting the area of inundation and simulating floodwave
attenuation. Two dimensional flood routing is accomplished using a finite difference
numerical integration of the equations of motion and the conservation of fluid volume (full
dynamic wave equation) for either a water flood or a hyperconcentrated sediment flow. The
FLO-2D model is able to account for rainfall, infiltration, levees, hydraulic structures, streets,
hyperconcentrated sediment flows, and the effects of buildings or flow obstructions.

The solution domain is discretized into uniform, square grid elements. The computational
procedure for overland flows involves calculating the discharge across each of the boundaries
in eight potential flow directions. FLO-2D is on FEMA’s list of approved hydraulic models
for riverine and unconfined alluvial fan flood studies. Further model information can be
found at the following website: www.flo-2d.com.

Since the FLO-2D model is a volume conserving, two-dimensional flood routing model, the
area of inundation is primarily a function of the flood volume in the hydrograph. FLO-2D
was selected for this project because it is an effective tool for analyzing unconfined flows
over complex topography such as alluvial fans and floodplains, split flows, and urban
flooding, all of which are present in the study area. In addition, FLO-2D has options for
unlimited channel and floodplain hydrographs.

http://www.flo-2d.com/
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2.1.3 FLO-2D Grid Development

FLO-2D uses a finite difference grid system to represent the topography and to simulate
unconfined flow over the floodplain. The grid system consists of square grid elements
covering the study area. The grid element elevation data was based on a triangulated irregular
network (TIN) supplied by the Corps of Engineers Sacramento District (SPK) and on
topographic surveying conducted for the Santa Clara Valley Water District (SCVWD). The
Berryessa Creek TIN was sampled at a 5-foot interval to create an elevation grid points
(points) file. The files were then input into the FLO-2D Grid Developer System (GDS)
program which filtered the data, defined the model boundary cells and assigned the grid cell
elevation. Both the Upper and Lower models use a grid element of 100-foot square.

The study area watershed was divided into two distinct sub areas by I-680. The interstate is
located approximately midway through the study reach. The interstate creates a barrier across
the watershed which has only one flow path through it, the Berryessa Creek culvert. Using
the interstate embankment to divide the study area, two FLO-2D models were created to
simulate the overbank flooding that occurs upstream of the Calaveras Boulevard Bridge in
the City of Milpitas to the vicinity of the Old Piedmont Bridge in the City of San Jose. One
FLO-2D model was developed for the area upstream of I-680 (referred to as the Upper
Model) and the other for the area downstream of I-680 (referred to as the Lower Model).
Figure II-1 shows the location of the model boundaries for both the Upper and Lower Model
area used for the analysis.

The Upper FLO-2D Model encompasses the floodplain of Berryessa Creek extending from
just above Old Piedmont Road to the I-680 culvert (see Figure 2-1). The boundary of the
Upper FLO-2D model extends from approximately one quarter of a mile upstream of the Old
Piedmont Road Bridge to the east, I-680 to the west, Hostetter Road on the south, and a line
parallel running approximately 1000 ft south of Landess Road. The grid system consists of
3,418 100-foot square cells.

The Lower FLO-2D model encompasses the floodplain of Berryessa Creek extending from
the I-680 culvert to just downstream of Calaveras Boulevard (see Figure 2-1). The Lower
Model is bounded by I-680 to the West, Capital Avenue to the South, Abel Street (Penitencia
Creek Floodwall) to the east, and extends along Berryessa Creek from Calaveras Boulevard
to the confluence with Penitencia Creek. The grid system consisted of 8,428 100-foot square
cells.

The downstream study limit for the Berryessa Creek flood control project is approximately
50 feet below Calaveras Boulevard. The Lower model grid system continues along Berryessa
Creek to the confluence with Penitencia Creek, which is north of the study limits. The
unconfined overland flow breaking out along the creek above Calaveras Boulevard will
continue to flow north beyond the limits of flood control project until encountering the
downstream levees of the Berryessa and Penitencia Creeks. Therefore the Lower model area
was constructed to encompass the entire possible flow area of the creek overflows.
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Figure 2-1 Upper and Lower FLO-2D Model Boundaries
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2.1.4 Overland Manning’s n and Area Reduction Factors

To simulate hydraulic flow resistance related to variable topography, vegetation, and other
roughness attributes, FLO-2D uses a Manning’s n-value roughness factor. To account for
loss of storage due to buildings or other obstruction, an area reduction factor can be applied
to each grid element. The GDS program was used to spatially edit the overland Manning’s n-
value and the area reduction factors for the grid system.

2.1.4.1 Manning’s n

Overland Manning’s n-values assigned by the GDS were based on land use, vegetation, and
other roughness considerations. The overland Manning’s n-values were established in
ArcMap GIS by assigning n-values to the study area parcel shapefiles based on land use and
other roughness factors. The overland Manning’s n-values assigned to the parcels are listed
in Table 2-1.

Table 2-1 Overland Manning’s n-Values Based on Landuse

Land Use Overland Manning’s n-Value

Residential 0.09

Industrial 0.08

Open Areas 0.035

Paved Areas 0.025

The shapefile with the assigned Manning’s n-values was imported into the GDS program.
The GDS program overlays the parcel shapefile with the model grid system and computes a
composite overland Manning’s value for each grid cell.

A small number of grid cell’s Manning’s n-values were further modified to improve the
hydraulic results of the FLO-2D model using the limiting Froude number criteria. Increasing
the n-values for some grid elements improves stability and reduces computer model run time.
A limiting Froude number of 0.9 was applied to adjust the n-values. When the limiting
Froude number was exceeded during the model simulation, the n-value was increased by an
incremental value. This reduces high velocities and surging which limits the timestep.

2.1.4.2 Area Reduction Factors (ARFs)

Area Reduction Factors (ARFs) were used to simulate the loss of storage related to structures
and other obstacles in the individual grid elements. Completely blocked elements were also
used as flow path obstructions where appropriate. To account for the spatial footprint of a
structure in a grid cell, the ARFs reduce the amount of surface area in a grid element that is
available for flood storage. Width reduction factors (WRFs) account for directional flow
blockage that eliminate or partially reduce the flow width in a given flow direction.
Directional flow blockage was assigned as a percentage of flow width in eight potential flow
directions. Aerial photos were imported to the GDS as background images to assign ARFs
for the Upper and Lower models.
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The primary obstructions in the Upper Model were homes located in dense residential
developments. The homes are generally smaller than the 100-foot square cell size. Some
structures represented in the Upper Model (near the north bank of the greenbelt area) include
larger apartment/condo buildings. WRFs and ARFs were used extensively in the Upper
Model to replicate the effects of building patterns on the floodplain.

The primary flow obstructions in the Lower Model were large areas of large industrial
buildings and a small number of areas with residential structures. In general, the industrial
building footprints are much larger than the 100-foot square cell size. Completely blocking a
grid cell from receiving flow was avoided to ensure flow depth around buildings for the
study damage assessment. To account for storage loss in locations where building footprint
encompass the entire grid element, ARF values of 95% were assigned.

2.1.5 Streets

In the Upper Model study area, the street networks in the dense residential neighborhoods
were important to distributing overland flow. The FLO-2D street component utilizes curb
height, street width and n-value. The global assignment of street parameters included a 6-
inch curb depth and a Manning’s n-value of 0.02. Street widths were determined from aerial
photos of the study area. The overall street profile was checked against the TIN and survey
data and individual grid elevations being adjusted where necessary. Portions of 36 different
streets were added to the Upper Model. The streets included major thoroughfares such as
Cropley Avenue, Morrill Avenue, and Old Piedmont Road. The remaining streets were
smaller residential streets located in the many subdivisions of the study area. The emphasis
on street flow simulation was on those streets within the network that would be effective in
distributing the floodplain flow. Figure 2-2 shows the street network modeled in the Upper
Model.

2.1.6 Levees

The levee option was used to confine floodplain flow due to obstructions, levees, or
embankments (such as a highway or railroad). Levee crest elevations and levee flow
obstruction directions were assigned for the FLO-2D levee component. When the floodplain
water surface exceeds the levee crest, broadcrested weir flow is simulated until the tailwater
is 85% of the headwater at which point the model reverts to overland flow simulation. The
levee failure option was not used in either the Upper or Lower models. The Upper model
study area does not contain any engineered levees. Figure 2-3 shows the embankments that
were modeled in the Upper FLO-2D model. The Lower model study area contains both
constructed levees along lower Berryessa Creek and some embankments. Figure 2-3 shows
the levees that were modeled in the Lower FLO-2D model.
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Figure 2-2 Street Network in the Upper FLO-2D Model



BERRYESSA CREEK PROJECT, SANTA CLARA COUNTY, CALIFORNIA
February 2013 Chapter 2: FLO-2D Model Development

2-7

Appendix B: Engineering and Design Part II: Floodplain Development

Figure 2-3 Levees in the Upper and Lower FLO-2D Models
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2.1.7 Channels

The FLO-2D channel routine was used to model two reaches of the Berryessa Creek channel.
The entire Berryessa Creek was not simulated in either the Upper or Lower FLO-2D models
because the breakouts occur at specific locations and once flows leave the channel they do
not immediately return to the channel. The HEC-RAS model was used to determine the
breakouts from the channel as described in detail in Section 1.2. This approach assumes that
overbank breakout discharges flow independent of the channel.

Breakouts flow along the alluvial fan spreading out from the creek until forced to return to
the creek by a physical barrier. In the Upper FLO-2D model this barrier is the raised I-680
embankment and sound walls. For the Lower FLO-2D model the barrier is the Penitencia
Creek Floodwall and levees along Berryessa Creek downstream of the study reach. The
channelization of Berryessa Creek has resulted in the construction of levees along Berryessa
Creek below Calaveras Boulevard. Levees and floodwalls that meet at the confluence of the
Penitencia and Berryessa Creeks force the escaped overbank flow to return to Berryessa
Creek near the confluence. The channel option was used in the FLO-2D model to allow flows
to return to the channel and exit the model system.

Trapezoidal channel sections were assigned for the FLO-2D channel components in both the
Upper and Lower Models. Top of bank elevations were taken from the available TIN, taking
into account any levees or high banks that might not otherwise be represented in grid
elements. The channel profile was reviewed and varied to ensure a consistent downstream
gradient. The channel in the Upper Model had a 38-foot bottom width and a depth of 10 to
11.5 feet. A Manning’s n-value of 0.035 was used. Berryessa Creek was modeled from
downstream of Cropley Avenue to I-680 at the western end of the Upper model grid for
approximately 0.4 miles. The Lower Model channel consisted of a 32-foot bottom width and
a depth of 10 to15 feet. A Manning’s n-value of 0.035 was used for the entire channel.
Berryessa Creek was modeled from downstream of Calaveras Boulevard to the confluence of
Berryessa Creek and Penitencia Creek at the northern end of the Lower Model grid, a
distance of approximately 1.5 miles.

2.1.8 FLO-2D Inflow File

The FLO-2D input file was used to introduce the inflow hydrographs to the model grid
system. A unique FLO-2D inflow data file was developed for each frequency event modeled.
The input data file is comprised of a series floodplain inflow hydrographs. Each inflow grid
element has an inflow hydrograph assignment.

The bridge/culvert and lateral breakout hydrographs (see Section 1.3.1) were assigned to
appropriate grid elements in the system. The lateral weir cross sections were assigned to the
grid cell(s) located along the creek channel between cross sections. In locations where the
distance between individual lateral weir cross sections span more than one grid cell, the
incremental discharge was divided equally between all associated grid cells.
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2.2 Revised Without-Project Upper Berryessa GRR FLO-2D Model

The Original GRR Upper and Lower FLO-2D Models were updated from Version 2004.6.1
to the most recent FLO-2D release, Version 2009.06. Updating models from one FLO-2D
version to another generally involves a number of minor changes to the input files. The
changes to the input files do not affect the overall FLO-2D inputs or results. The steps
required to update the FLO-2D model files to the latest FLO-2D version are not unique to the
GRR and are documented on the FLO-2D website. Therefore the steps to update the FLO-
2D model are not documented in this report.

Revisions to the 2009 Upper FLO-2D model were made for the 2010 GRR. No further
changes were necessary for the Lower Model. The modifications to the Upper Model
included the following:

(a) Expansion of the Upper FLO-2D grid system south to the Penitencia Creek watershed
border

(b) Graphical spatial editing of streets, Manning’s n-values, area reduction values, and
hydraulic structure model components for the expanded area

(c) Developing the Berryessa Creek and Sierra Creek channels
(d) Calibrating the Berryessa Creek and Sierra Creek channels to the respective HEC-

RAS models

The following sections discuss in more detail the revisions made to the Upper FLO-2D
Model.

2.2.2 FLO-2D Grid Expansion

The Upper FLO-2D Model was expanded to the south to include the area up to the Penitencia
Creek watershed boundary. This resulted in an Upper FLO-2D Model that encompassed the
floodplain of Berryessa Creek with the following boundaries:

 East to approximately one quarter of a mile upstream of the Old Piedmont Road
Bridge

 West to the I-680 embankment
 South to Penitencia Creek
 North to a line running approximately parallel to 1000 feet south of Landess Road

The revisions to the model added 9,930 grids cells to the existing 3,418 100-foot square cells
in the Upper Model resulting in a total of 13,348 grid cells.

The Upper FLO-2D Model was expanded by developing a grid system adjacent to the
existing Upper FLO-2D model that encompasses the desired new area. The grid system was
developed in the same coordinate system and projection as used in the previous model -
California State Plane 3 - NAD 83 feet and NAVD 88 feet. LIDAR data provided by the
Santa Clara Valley Water District (SCVWD) was used to develop the grid cell elevations for
the new grid system.



BERRYESSA CREEK PROJECT, SANTA CLARA COUNTY, CALIFORNIA
February 2013 Chapter 2: FLO-2D Model Development

2-10

Appendix B: Engineering and Design Part II: Floodplain Development

The LIDAR data provided by SCVWD covered the entire Berryessa Creek study area. The
LIDAR was developed by MDA Geospatial Services and Optimal Geomatics, Inc. in 2006
for the City of San Jose, the County of Santa Clara, and the SCVWD. The LIDAR data was
provided as point data in XYZ format text files with associated 2-foot contours by SCVWD.
The LIDAR data was provided with both the raw data and the cleaned bare earth data files.
The raw data contained all of the data points collected and included elevations for buildings
and tree canopy. This made the raw data unsuitable for developing grid cell data in the
model. The bare earth LIDAR data contained the post-processed raw LIDAR data with the
tree canopy and building points removed. The bare earth LIDAR data was used in the FLO-
2D model development.

The LIDAR data was provided as a number of individual flight line tiles, each covering an
approximately 2,500 feet square section. The tiles had an average point spacing of 5 feet
resulting in approximately 250,000 LIDAR data points per files. Due to the immense amount
of LIDAR tiles and data points involved, the LIDAR data was combined into more
manageable regional point files. Four regional files were developed for the expanded area of
the Upper Model. The individual LIDAR files for each regional file were merged using the
UltraEdit-32 version 12.20b text editor.

Once the regional files covering the study area had been completed, the FLO-2D grid system
for the expansion area was constructed. The expansion FLO-2D grid system was developed
using the FLO-2D preprocessor GDS (Grid Developer System) program version 2009.01.
The grid system was based on the same 100-by-100-foot square grid cell as in the original
GRR. The Upper Model grid system was imported as a shapefile to act as a reference for
creating the expansion grid system. The regional LIDAR files were then imported into the
GDS and used to assign grid elevation data for the expansion area. The original FLO-2D grid
system and the expansion grid system were then “stitched” together to form one overall grid
system. The revised Upper FLO-2D Model grid system was then visually inspected to ensure
that the grid system was an accurate reflection of the floodplain. The resulting floodplain grid
systems are then used as a basis for the FLO-2D modeling. Figure 2-4 shows the original and
the added Upper FLO-2D Model grid system.

Elevations for some of the original FLO-2D grid were compared to elevations developed
using the LIDAR data. The elevations for approximately 1,000 of the 3,418 original grids
elements were developed using the same techniques discussed previously using the LIDAR
data. The size of the area of LIDAR comparison was limited to the LIDAR data that was
processed to support the development of the extended grid that overlapped onto the original
grid system. This was done to reduce the time consuming task of the processing the LIDAR
data. Overall, the difference between the original grid elevation and the LIDAR elevations
for 75 percent of the grids were within plus or minus 1.5 feet and with 98 percent falling
within plus or minus 3 feet. Overall, the original versus LIDAR grid elevation compared
favorably for a majority of the grids compared. No general trend was observed of the original
data being higher or lower than the LIDAR data. Positive and negative differences were
scattered throughout the compared area, sometimes in close proximity. Since the differences
were scattered and both positive and negative, replacing the original data with the LIDAR
data would likely cause localized changes in flood depths with the overall floodplain
remaining essentially the same.
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Figure 2-4 Upper FLO-2D Model Boundary
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2.2.3 Overland Manning’s n and Area Reduction Factors

The Manning’s n-values and Area Reduction Factors were applied to the Upper FLO-2D
Model expanded area in the same process as described in Section 2.1.4.

2.2.4 Streets

Major thoroughfares such as Morrill Avenue and Old Piedmont Road were modeled in the
expanded areas. Smaller residential streets were not modeled, since the primary flooding in
the Upper Model is contained in the original grid system, and the original emphasis for the
street flow simulation was on those streets within the network that would be effective in
distributing the breakout floodplain flow.

The FLO-2D street component utilizes curb height, street width, and n-value. The global
assignment of street parameters included a 6-inch curb depth and a Manning’s n-value of
0.02. Street widths were determined from aerial photos of the study area. The overall street
profile was checked against the LIDAR and survey data and individual grid elevations being
adjusted where necessary. Figure 2-5 shows the revised street network modeled in the Upper
Model.

2.2.5 Channels

The FLO-2D channel routine was used to model Berryessa Creek and its primary tributary in
the Upper Model, Sierra Creek, in the revised Upper FLO-2D Model. The following section
describes the addition of the channels to the model.

The Berryessa Creek channel in the original Upper FLO-2D Model consisted of a small
segment of the channel extending from downstream of Cropley Avenue to the I-680 culvert.
The channel segment was included only to allow breakout flows to return to the creek and
then allow the return flow to leave the model system. The channels, developed using the
original methodology, were not intended to accurately model the in-channel flows. For the
revised Upper FLO-2D Model, the Berryessa Creek channel was extended from Cropley
Avenue to upstream of Old Piedmont Road. The baseline HEC-RAS model (Appendix B,
Part I, “Hydraulic Analysis of Alternatives”) was used as the basis for the Berryessa Creek
channel geometry.

The Sierra Creek channel was not included in the original FLO-2D model. A channel
segment representing the Sierra Creek channel was added to Upper Model based on the
alignment of the creek taken from available aerial photography. The Sierra Creek channel
extended from the confluence with Berryessa Creek to the Sierra Creek culvert outlet at
Mauna Kea Lane near Piedmont Hills High School. The channel section geometry was based
on a HEC-RAS model of the Sierra Creek channel developed and provided by Santa Clara
Valley Water District.
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Figure 2-5 Upper FLO-2D Model Streets
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In FLO-2D, channel elements represent only the main channel, with the overbanks modeled
by the grid system. HEC-RAS cross sections generally include both the main channel and
overbanks for each cross section. In order to use the HEC-RAS cross sections in the FLO-2D
model, the cross sections were reviewed and edited to include only the main channel. This
was completed for both the Berryessa and Sierra Creek HEC-RAS model using the graphical
cross section editor in HEC-RAS.

Once the main channel cross sections were completed, the cross sections were assigned to the
FLO-2D channel grids using the GDS HEC-RAS geometry import routine. After the cross
sections were assigned, they were reviewed to ensure that the most representative cross
section was chosen for each channel grid. The right bank channel extensions for each channel
grid was then created and reviewed in GDS. Finally, the channel slope profile was reviewed
and cross section elevations modified to ensure that the representative channel slope was
maintained throughout the FLO-2D channel system.

The initial Manning’s n-value for each cross section was taken from the channel Manning’s
n-value in the HEC-RAS model. The Manning’s n-values were then adjusted using the
suggested Manning’s n-values contained in the FLO-2D (chan.rgh) file. The (chan.rgh) file
contains results of the FLO-2D model’s adjustments to the channel Manning’s n-value to
meet the limiting Froude number criteria. The resulting channel Manning’s n-values were
then further adjusted during calibration of the channel. Section 2.2.8 describes the calibration
of the Berryessa and Sierra Creek channels.

Figure 2-6 shows the location of the Revised Upper FLO-2D Model Berryessa and Sierra
Creek channels.
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Figure 2-6 Revised Upper FLO-2D Model Berryessa and Sierra Creek Channels



BERRYESSA CREEK PROJECT, SANTA CLARA COUNTY, CALIFORNIA
February 2013 Chapter 2: FLO-2D Model Development

2-16

Appendix B: Engineering and Design Part II: Floodplain Development

2.2.6 Hydraulic Structures

Hydraulic structures, such as bridges and drop structures were used in FLO-2D to model any
conveyance that would affect the flow between two grids that could not be modeled using the
channel components. Due to the limit of one cross section per channel grid cell, it is difficult
to model drop structures and other sudden changes in channel geometry. In the Upper FLO-
2D Model hydraulic structures were used to model the bridges, culverts, and hydraulic drops
in the Berryessa/Sierra Creek system. The hydraulic structures were developed as rating
tables describing the flow between two channel grid cells. The rating tables were derived
from the Berryessa and Sierra Creek HEC-RAS models. The bridge/culvert rating table
reflected the flow through the bridge/culvert only and did not include the HEC-RAS
computed weir flow. The weir flow was excluded from the rating curve since the breakout
flow at the bridge/culverts was found to be primarily redirected weir flow and is a major
source of overland flooding. The FLO-2D model then determined the weir flow based on the
surrounding grid cells and the weir flow was allowed to flow overland or return to the
channel as the topography dictated. Table 2-2 lists the hydraulic structures in the Upper FLO-
2D Model.

Table 2-2 Hydraulic Structures in Upper FLO-2D Model

Structure Name Description
Inlet
Node

Outlet
Node

OldPied Old Piedmont Road Bridge over Berryessa Creek 3106 3075

PiedCrop Berryessa Creek culvert under Piedmont and Cropley Streets 3038 2967

DropStructure
Drop structure on Berryessa Creek upstream of Morrill Avenue and
the Sierra Creek confluence

1566 1471

Morrill Berryessa Creek culvert under Morrill Avenue 1279 1230

Cropley Berryessa Creek Culvert under Cropley Street 890 840

SierraPedBrdg Sierra Creek Pedestrian Bridge 7616 7485

HostetterRd Hostetter Road bridge 6973 6735

KnightsBridge Knights Bridge Road bridge over Sierra Creek 1688 1644

SierraDrop Sierra Creek Drop Structure at confluence with Berryessa Creek 1373 1326

2.2.7 FLO-2D Inflow File

The FLO-2D input file was used to introduce the inflow hydrographs to the model grid
system. A unique FLO-2D inflow data file was developed for each frequency flow event
combination modeled. The input data file for the Upper Model consisted of four discreet
inflow hydrographs to the channel system. The inflow hydrographs were introduced to the
system at the following locations:

 Grid 3142 - upstream end of the Berryessa Creek channel above Old Piedmont Road
 Grid 2850 - Sweigert Creek culvert outlet to Berryessa Creek located in the upper

portion of the Greenbelt
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 Grid 2334 - Crosley Creek culvert outlet to Berryessa Creek located in the lower
portion of the Greenbelt

 Grid 8044 - Sierra Creek culvert outlet at upstream end of the Sierra Creek channel at
Mauna Kea Lane

The inflow hydrographs were developed for each of the locations as described in Section
1.3.2.1 and compiled into a FLO-2D inflow data files. Rainfall was not added to the FLO-2D
model since precipitation was accounted for in the development of the hydrology (NHC
2003, 2006).

2.2.8 Upper Model FLO-2D Calibration

HEC-RAS models for the Berryessa and Sierra Creeks were used to calibrate the Upper
FLO-2D Model to ensure that the FLO-2D channel system was accurately simulating the in-
channel flows. First the Upper FLO-2D model Berryessa Creek channel segments was
calibrated to the 1% chance exceedance steady state baseline without-project Berryessa
Creek HEC-RAS model (see Appendix B, Part I, “Hydraulic Analysis of Alternatives”).
Then the Sierra Creek channel was calibrated to the 10% chance exceedance steady state
Sierra Creek HEC-RAS model provided by the Santa Clara Valley Water District (SCVWD).
The final input data files from the Berryessa and Sierra Creek calibration effort runs were
then used as the final Upper FLO-2D Model.

2.2.8.1 Berryessa Creek Channel

The Berryessa Creek channel was calibrated to the 1% chance exceedance Berryessa Creek
HEC-RAS model used to develop the breakout flow for the original GRR methodology, as
detailed in Section 1.2.1. The calibration was completed to ensure that FLO-2D channels
accurately reflect the Berryessa Creek channel. Two primary goals were established for the
calibration:

1. Calibrate the water surface elevations to plus/minus 0.25 feet
2. Calibrate the bridge capacities and overflow characteristics at the three major

breakout points in the Upper Model: Old Piedmont Bridge, Piedmont-Cropley
Culvert, and Morrill Avenue Culvert

A steady state FLO-2D inflow file was developed to replicate the flow conditions in the
HEC-RAS model. Inflow hydrographs were developed for each of the four inflow locations.
The inflow hydrographs ramped up quickly to the steady flow values and were then held
steady for the duration of the run. The Upper FLO-2D Model was then run for a six hour
duration to ensure that the entire channel system was operating at the full steady flow values.

The Upper Model was calibrated, working from upstream to downstream. The primary
methods used to adjust the model during calibration included:

 Raising/lowering cross section inverts
 Replacing HEC-RAS cross section used for a grid section with a representative cross

section
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 Removing HEC-RAS cross sections and interpolating between the upstream and
downstream cross sections

 Raising/lowering cross section end point (channel bank elevations)
 Revision of Manning’s n-values

The water surface elevations at 44 cross section locations were compared to the FLO-2D grid
water surface elevations. Table 2-3 lists the 1% chance exceedance HEC-RAS and FLO-2D
water surface elevations at the calibration locations along with the difference.

As shown in the table, the calibration to the water surface elevation was fairly successful
with 39 out of 44 calibration points within 0.25 feet of the HEC-RAS model results. Of the
five remaining points, four are within 0.35 feet of the HEC-RAS locations with the last being
0.54 feet lower that the HEC-RAS WSEL. The locations with difference are at locations such
as upstream of bridges or upstream of a grade break, both which are difficult for FLO-2D to
model.
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Table 2-3 Calibration Results for Berryessa Creek Channel Upper FLO-2D Model

Point
HEC-RAS

Cross
Section

FLO-2D
Grid Cell

1% Chance
Exceedance HEC-
RAS Elevation(ft)

1% Chance
Exceedance

FLO-2D
Elevation (ft)

Difference
(ft)

1 36242 3142 243.1 242.97 -0.13

2 36126 3141 240.56 240.57 0.01

3 36032 3140 238.36 238.29 -0.07

4 35191 3106 220.21 220.2 -0.01

5 35139 3075 216.3 216.29 -0.01

6 34989 3104 207.32 207.47 0.15

7 34694 3071 198.24 198.27 0.03

8 34566 3039 197.22 197.36 0.14

9 34467 3038 195.13 195.46 0.33

10 34032 2967 188.9 188.81 -0.09

11 33804 2930 185.55 185.51 -0.04

12 33485 2891 181.66 181.72 0.06

13 33207 2852 176.34 176.28 -0.06

14 32976 2850 171.95 171.87 -0.08

15 32721 2771 168.15 168.04 -0.11

16 32436 2728 163 163.07 0.07

17 32333 2727 160.67 160.69 0.02

18 31969 2642 155.59 155.7 0.11

19 31905 2599 154.56 154.59 0.03

20 31559 2468 150.23 150.12 -0.11

21 31440 2467 147.72 147.77 0.05

22 31168 2334 144.32 144.4 0.08

23 30978 2291 141.76 141.75 -0.01

24 30808 2247 139.31 139.34 0.03

25 30701 2202 137.4 137.35 -0.05

26 30478 2114 133.82 133.68 -0.14

27 30327 2069 132.71 132.71 0

28 30195 1979 131.27 131.3 0.03

29 29983 1842 127.62 127.77 0.15

30 29873 1797 126.19 126.26 0.07

31 29571 1659 123.05 122.95 -0.1

32 29433 1613 121.71 121.66 -0.05

33 29093 1375 113.12 113.24 0.12

34 28699 1326 112.94 112.99 0.05

35 28447 1182 105.46 105.8 0.34

36 27895 938 104.96 104.42 -0.54

37 27642 890 103.73 103.73 0

38 27380 788 95.19 95.22 0.03

39 27108 630 93.22 93.4 0.18

40 26889 524 91.41 91.7 0.29

41 26695 418 90.73 90.99 0.26

42 26577 364 89.64 89.87 0.23

43 26419 257 86.14 86.22 0.08

44 25688 43 78.34 78.38 0.04
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The second goal of the calibration was to ensure that the three bridges that are sources of
breakout flow are accurately represented. Table 2-4 lists the FLO-2D and HEC-RAS WSEL
upstream of the bridge and culverts. The discharge through the bridge and culverts is also
listed. As shown in the table the calibration of the bridge and culverts matches well with the
HEC-RAS model. The Piedmont-Cropley Culvert WSEL is higher than the desired 0.25 ft
difference, but the culvert discharge matches well. During the calibration, it was determined
that matching the WSEL resulted in the discharge through the culvert to increase. Since the
breakout flow is driven by the amount of discharge leaving the channel, it was decided that
matching the bridge discharge was a higher priority than matching the WSEL.

Table 2-4 Upper FLO-2D Model Bridge and Culvert Calibration Results

Bridge
WSEL Upstream (ft) Bridge Discharge (cfs)

HEC-RAS FLO-2D Difference HEC-RAS FLO-2D Difference

Old Piedmont Road 220.21 220.20 -0.01 1160 1172 -12

Piedmont Cropley
Culvert

195.13 195.46 0.33 1028 1063 -35

Morrill Avenue
Culvert

112.94 112.99 0.05 1599 1607 -10

Table 2-5 lists the average reach discharges for the HEC-RAS model and the calibrated
Upper FLO-2D model as well as the difference. As seen in the table, the reach discharges
compare well between the Upper FLO-2D and the HEC-RAS results for most reaches. The
reach between Crosley Creek and Sierra Creek shows a large difference between the two
models. The large difference results from the differences in the modeling of Berryessa Creek
in the FLO-2D model versus the HEC-RAS model. The channel in FLO-2D is modeled by
the main channel handled by the channel routine with overbanks flow handled by the grid
system. The discharge reported in the table is the flow in the FLO-2D model channel and
does not include the flow in overbank for this reach.

Table 2-5 Upper FLO-2D Model Berryessa Creek Flow Calibration Results

Reach

Average
HEC-RAS
Discharge

(cfs)

Average
FLO-2D

Discharge
(cfs)

Difference
(cfs)

%
Difference

Upstream to Old Piedmont Rd 1430 1430 0 0
Old Piedmont Rd to Piedmont-Cropley Blvd 1385 1378 -7 -1%
Piedmont-Cropley Blvd to Sweigert Ck 1028 1060 32 3%
Sweigert Ck to Crosley Ck 1128 1100 -28 -2%
Crosley Ck to Sierra Ck 1011 1204 193 19%
Sierra Ck to Morrill Ave 1621 1635 14 1%
Morrill Ave to Cropley Rd 1600 1660 60 4%
Cropley Rd to I-680 1600 1640 40 3%
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2.2.8.2 Sierra Creek Channel

The Sierra Creek channel was calibrated to the 10% chance exceedance event of the SCVWD
Sierra Creek HEC-RAS model. The 10% chance exceedance discharge was chosen since it
was the largest event that did not overflow the channel banks. The SCVWD Sierra Creek
HEC-RAS model was developed independently of the GRR and is based on an “infinite
wall” geometry, meaning that breakouts along the channel are not modeled and the HEC-
RAS program automatically raises the elevation of the ends of channel cross sections to
contain the flow. Since breakouts were not modeled, it is impossible to calibrate to any event
higher than the channel banks, since the HEC-RAS model’s “infinite walls” artificially raised
the WSEL and do not account for flow loss to the floodplain. As with the Berryessa Creek
channel, the calibration was completed to calibrate the water surface elevations to plus/minus
0.25 feet.

A steady state FLO-2D inflow file was developed to replicate the flow conditions in the
HEC-RAS model. Inflow hydrographs were developed for the upstream inflow to Sierra
Creek with placeholder values created for the remaining Berryessa Creek inflow locations.
The inflow hydrographs ramped up quickly to the steady flow values and were then held
steady for the duration of the run. The Upper FLO-2D Model was then run for a six hour
duration to ensure that the entire channel system was operating at the full steady flow values.

The Upper Model was calibrated, working from upstream to the downstream. The primary
methods used to adjust the model during calibration included:

 Raising/lowering cross section inverts
 Replacing HEC-RAS cross section used for a grid section with a representative cross

section
 Removing HEC-RAS cross sections and interpolating between the upstream and

downstream cross sections
 Raising/lowering cross section end point (channel bank elevations)
 Revision of Manning’s n-values

The water surface elevations at 35 cross sections locations were compared to the FLO-2D
grid water surface elevations. Table 2-6 lists the 10% chance exceedance HEC-RAS and
FLO-2D water surface elevations at the calibration locations along with the difference.
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Table 2-6 Calibration Results for Sierra Creek Channel Upper FLO-2D Model

Point
HEC-RAS

Cross
Section

FLO-2D
Grid Cell

1% Chance
Exceedance HEC-
RAS Elevation(ft)

1% Chance
Exceedance

FLO-2D
Elevation (ft)

Difference
(ft)

1 7266 8044 159.63 160.02 0.39

2 7226 8185 158.18 158.09 -0.09

3 7061 8184 157.76 157.82 0.06

4 6868 8326 156.56 156.57 0.01

5 6694 8325 156.16 156.04 -0.12

6 6500 8466 155.24 155.13 -0.11

7 6295 8608 154.77 154.86 0.09

8 6098 8751 154.1 154.19 0.09

9 5964 8896 153.91 153.91 0

10 5628 8748 151.93 151.86 -0.07

11 5434 8458 146.84 146.73 -0.11

12 5300 8315 146.41 146.43 0.02

13 5241 8172 145.98 146.03 0.05

14 5043 8029 145.56 145.69 0.13

15 4942 7888 145.47 145.49 0.02

16 4937 7616 145.01 145.26 0.25

17 4925 7485 144.06 144.43 0.37

18 4723 7613 143.23 143.13 -0.1

19 4352 7743 135.94 136.06 0.12

20 4152 7879 133.87 133.97 0.1

21 3973 7877 133.49 133.38 -0.11

22 3794 7738 132.67 132.57 -0.1

23 3589 7605 131.69 131.79 0.1

24 3382 7346 130.91 130.89 -0.02

25 3202 7219 130.38 130.26 -0.12

26 2980 6973 129.02 129.03 0.01

27 2547 6395 121.26 121.12 -0.14

28 2344 6286 120.03 120.09 0.06

29 1939 5971 117.76 117.72 -0.04

30 1739 1733 117.15 117.2 0.05

31 1323 1600 114.81 114.77 -0.04

32 939 1509 113.1 113.01 -0.09

33 743 1464 112.33 112.19 -0.14

34 347 1372 110.51 110.48 -0.03

35 155 1373 109.89 110.2 0.31
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As shown in the table, the calibration to the water surface elevation was fairly successful
with 32 out of 35 calibration points within 0.25 feet of the HEC-RAS model results. All three
remaining points are within 0.40 feet of the HEC-RAS WSEL. Two of the points are located
at the upstream and downstream end of the channel reach. In similar situations to this, there
is difficulty in calibrating the boundary of the channel due to the differences in how HEC-
RAS and FLO-2D handle channel boundary conditions. The final point is located upstream
of a pedestrian bridge. Using a rating table to simulate the HEC-RAS bridge routine can
similarly cause calibration issues.

2.3 Alternative 5 Upper Berryessa GRR FLO-2D Model

Alternative 5 is the only alternative in the final array of alternatives with a project component
upstream of the I-680 culvert. The Upper Berryessa Alternative 5 FLO-2D model was
developed by modifying the without-project Upper Berryessa FLO-2D model to include the
proposed Alternative 5 channel improvements.

Alternative 5 (also referred to as the Authorized Project) includes channel improvements
along the existing alignment with new levees proposed in the greenbelt reach. The
modifications to the Without-Project Upper FLO-2D Model include the following:

 Modifying the channel elements to reflect the Alternative 5 configuration
 Adding levees to the Greenbelt Reach
 Updating the rating tables for the bridges and culverts modified in Alternative 5
 Calibrating Berryessa Creek to the Alternative 5 HEC-RAS model

The following sections discuss in more detail the revisions made to the Alternative 5 Upper
FLO-2D Model.

2.3.1 Channel

The Berryessa Creek channel in the Alternative 5 Upper Berryessa Flo-2D model was
updated to reflect the Alternative 5 design. The Alternative 5 channel follows the same
alignment as the without-project Berryessa Creek alignment as shown in Figure 2-6.

2.3.2 Levees

Levees were added to the FLO-2D models to represent the proposed levees in the Greenbelt
Reach for Alternative 5. The levees were coded using the crest elevations from the
Authorized Project profile sheets using the Levee Express tool in the GDS preprocessor
program. The levees in the Alternative 5 Upper Berryessa Creek FLO-2D Model extend from
upstream of the drop structure near Morrill Avenue to the Piedmont Cropley Culvert. A set of
parallel levees were coded into the Alternative 5 Upper FLO-2D Model to represent the
levees located on each side of the Berryessa Creek channel along the greenbelt reach. Figure
2-7 shows the extent of the levees in the model.
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Figure 2-7 Levees in Upper FLO-2D Model
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2.3.3 Hydraulic Structures

The Upper Berryessa FLO-2D model contains five hydraulic structures along the Berryessa
Creek channel consisting of four bridges and one drop structure. The rating tables for each of
the bridges were revised using rating tables derived from the Alternative 5 HEC-RAS model.
Since the existing drop structure is to remain in the Alternative 5 design, the associated rating
table was not updated.

Table 2-7 lists the hydraulic structures which were updated for the Alternative 5 Upper
Berryessa FLO-2D Model.

Table 2-7 Hydraulic Structures Updated for Alternative 5 Upper Berryessa FLO-2D Model

Structure Name Description
Inlet
Node

Outlet
Node

OldPied Old Piedmont Road Bridge over Berryessa Creek 3106 3075

PiedCrop Berryessa Creek culvert under Piedmont and Cropley Streets 3038 2967

Morrill Berryessa Creek culvert under Morrill Avenue 1279 1230

Cropley Berryessa Creek Culvert under Cropley Street 890 840

2.3.4 FLO-2D Inflow File

The FLO-2D input file was used to introduce the inflow hydrographs to the model grid
system. A unique FLO-2D inflow data file was developed for each frequency flow event
combination modeled. The input data file for the Upper Model consisted of four discreet
inflow hydrographs to the channel system. The inflow hydrographs were introduced to the
system at the following locations:

 Grid 3142 - upstream end of the Berryessa Creek channel above Old Piedmont Road
 Grid 2850 - Sweigert Creek culvert outlet to Berryessa Creek located in the upper

portion of the Greenbelt
 Grid 2334 - Crosley Creek culvert outlet to Berryessa Creek located in the lower

portion of the Greenbelt
 Grid 8044 - Sierra Creek culvert outlet at upstream end of the Sierra Creek channel at

Mauna Kea Lane

The inflow hydrographs were developed for each of the locations as described in Section
1.3.2.1 and compiled into a FLO-2D inflow data files.
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2.3.5 Upper Model FLO-2D Calibration

The Alternative 5 Berryessa Creek HEC-RAS model was used to calibrate the modified
Berryessa Creek channel to ensure that the FLO-2D channel system was accurately
simulating the in-channel flows. The Berryessa Creek channel segments in the Alternative 5
Upper FLO-2D Model were calibrated to the 1% chance exceedance steady state baseline
Alternative 5 Berryessa Creek HEC-RAS model (see Appendix B, Part I, “Hydraulic
Analysis of Alternatives”). The calibration was completed to ensure that FLO-2D channels
accurately reflect the Berryessa Creek channel. Two primary goals were established for the
calibration:

1. Calibrate the water surface elevations to plus/minus 0.25 feet
2. Calibrate the bridge capacities and overflow characteristics at the three major

breakout points in the Upper Model: Old Piedmont Bridge, Piedmont-Cropley
Culvert, and Morrill Avenue Culvert

A steady state FLO-2D inflow file was developed to replicate the flow conditions in the
HEC-RAS model. Inflow hydrographs were developed for each of the four inflow locations.
The inflow hydrographs ramped up quickly to the steady flow values and were then held
steady for the duration of the run. The Upper FLO-2D Model was run for a five hour duration
to ensure that the entire channel system was at a steady state condition.

The Upper Model was calibrated using the following methods:

 Raising/lowering cross section inverts
 Replacing HEC-RAS cross section used for a grid section with a more representative

cross section
 Removing HEC-RAS cross sections and interpolating between the upstream and

downstream cross sections
 Raising/lowering cross section end point (channel bank elevations)
 Revision of Manning’s n-values

The water surface elevations at 39 cross section locations were compared to the FLO-2D grid
water surface elevations. Table 2-8 lists the 1% chance exceedance HEC-RAS and FLO-2D
water surface elevations at the calibration locations along with the difference.

As shown in the table, the FLO-2D model calibrates well with 36 out of 39 calibration points
within 0.25 feet of the HEC-RAS model results. Of the three remaining points, two are
within .35 feet of the HEC-RAS locations with the last point being 0.72 feet higher than the
HEC-RAS WSEL. The locations with difference greater than 0.25 ft are at locations such as
upstream of bridges or a grade break and at the beginning and end of the channel system.
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Table 2-8 Calibration Results for Berryessa Creek Channel Upper FLO-2D Model

Point
HEC-RAS

Cross
Section

FLO-2D
Grid Cell

1% Chance
Exceedance HEC-
RAS Elevation(ft)

1% Chance
Exceedance

FLO-2D
Elevation (ft)

Difference
(ft)

1 36242 3142 243.09 242.81 -0.28

2 36126 3141 240.37 240.61 0.22

3 36032 3140 238.01 238.2 0.19

4 35476 3110 220.69 220.48 -0.22

5 35191 3106 218.13 218.08 -0.07

6 35139 3075 212.19 212.22 0.21

7 34989 3104 208.74 208.65 0.02

8 34694 3071 202.29 202.63 0.07

9 34467 3038 197.64 197.46 -0.04

10 34032 2967 186.85 187.04 0.21

11 33804 2930 186.55 186.45 -0.08

12 33485 2891 182.58 182.44 -0.14

13 33207 2852 176.78 176.67 -0.12

14 32976 2850 172.47 172.38 -0.09

15 32721 2771 168.64 168.56 -0.08

16 32436 2728 163.45 163.39 -0.08

17 32333 2727 161.2 161.21 0

18 31969 2642 156.17 156.11 -0.07

19 31559 2468 151.21 151.11 -0.09

20 31168 2334 145.07 145 -0.05

21 30978 2291 142.49 142.37 -0.11

22 30808 2247 139.84 140.01 0.19

23 30701 2202 137.98 138.02 0.07

24 30478 2114 134.71 134.64 -0.05

25 30327 2069 133.32 133.36 0.09

26 30195 1979 131.87 131.78 -0.04

27 29983 1842 128.39 128.29 -0.08

28 29873 1797 126.75 126.83 0.09

29 29433 1613 122.28 122.26 0.04

30 28758 1375 111.56 111.43 -0.33

31 28699 1326 111.56 111.68 -0.06

32 28307 1182 102.95 102.97 -0.02

33 27895 938 102.89 102.72 -0.14

34 27642 890 102.4 102.36 0

35 27380 788 95.59 96.57 0.11

36 26889 524 90.9 91.3 0.03

37 26695 418 89.24 89.25 -0.14

38 26419 168 84.86 83.17 0.72

39 25688 43 72.91 73.18 0.01
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The second goal of the calibration was to ensure that the three bridges where flow breakouts
occur are accurately modeled. Table 2-9 lists the FLO-2D and HEC-RAS WSEL upstream of
the bridge and culverts as well as the discharge through the bridge and culverts. As shown in
the table, the discharges predicted by the FLO-2D model and the HEC-RAS match, except at
the Old Piedmont Road Bridge. The Piedmont-Cropley Culvert WSEL is higher than the
desired 0.25 foot difference, but the culvert discharge matches well. During the calibration, it
was determined that matching the WSEL resulted in the discharge through the culvert to
increase. Since the breakout flow is driven by the amount of discharge leaving the channel, it
was decided that matching the bridge discharge was a higher priority than matching the
WSEL.

Table 2-9 Upper FLO-2D Model Bridge and Culvert Calibration Results

Bridge
WSEL Upstream (ft) Bridge Discharge (cfs)

HEC-RAS FLO-2D Difference HEC-RAS FLO-2D Difference

Old Piedmont Road 218.13 218.07 -0.05 1376 1434 +58

Piedmont Cropley
Culvert

197.64 197.45 -0.19 1430 1432 -8

Morrill Avenue
Culvert

110.51 110.91 +.40 2140 2156 +16

Table 2-10 lists the average reach discharges for the HEC-RAS model and the calibrated
Upper FLO-2D model as well as the difference. As shown in the table, the reach discharges
compare well between the Upper FLO-2D and the HEC-RAS results for most reaches.

Table 2-10 Upper FLO-2D Model Berryessa Creek Flow Calibration Results

Reach

Average
HEC-RAS
Discharge

(cfs)

Average
FLO-2D

Discharge
(cfs)

Difference
(cfs)

%
Difference

Upstream to Old Piedmont Rd 1394 1435 +41 2.9%

Old Piedmont Rd to Piedmont-Cropley Blvd 1421 1485 +64 4.5%

Piedmont-Cropley Blvd to Sweigert Ck 1420 1433 +13 1.0%

Sweigert Ck to Sierra Ck 1530 1512 -18 1.1%

Sierra Ck to Morrill Ave 2140 2139 -1 0.0%

Morrill Ave to Cropley Rd 2140 2140 0 0.0%

Cropley Rd to I-680 2140 2140 0 0.0%
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CHAPTER 3: WITHOUT-PROJECT FLOODPLAINS

Without-project floodplains were developed for the Berryessa Creek study area using the
Upper and Lower FLO-2D models (as described in Chapter 2) and the HEC-RAS without-
project model results (as described in Appendix B, Part I, “Hydraulic Analysis of
Alternatives”) using both the Original GRR and Revised GRR methodologies.

3.1 Original GRR Modeling Results

3.1.1 FLO-2D Flow Inputs

The input to the Upper and Lower FLO-2D models was created using the original GRR
methodology discussed in Chapters 1 and 2. Only the inflow hydrographs were adjusted for
the various FLO-2D simulations, the same data files for the physical features and channel
geometry were applied for all alternatives and events. Table 3-1 to Table 3-7 list the resulting
channel flow and breakout flows for each of the flow change locations used in the without-
project HEC-RAS model. The original input into the HEC-RAS model is listed in Appendix
B, Part I, “Hydraulic Analysis of Alternatives”.
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Table 3-1 Original GRR Model Results for Without-Project Conditions – 20% Chance Exceedance
Flood Event

LOCATION
RAS

STATION

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 36242 420

Breakout at Old Piedmont Road Bridge 35249 420 0

Sweigert Creek - Old Location 35029 420

Breakout at Cropley/Piedmont Culvert 34041 420 0

Inflow at Sweigert Creek – Corrected
Location

33136 450 98

Lateral Weir Breakout Upstream of
Crosley Creek

31895-31026 450 0

Inflow at Crosley Creek 30478 450 123

Lateral Weir Breakout Upstream Morrill
Avenue

30468-29993 450 0

Inflow at Sierra Creek 28656 710 442

Breakout at Morrill Avenue Culvert 28447 710 0

Downstream Cropley Avenue 25744 710

I-680 Culvert 25296 710

Lateral Weir Breakout Upstream of
Montague

25295-21832 710 0

Inflow at Montague Avenue 21821 960 375

Lateral Weir Breakout Downstream of
Montague Avenue

21666-21270 960 0

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-17602 960 0

Inflow at Yosemite Avenue 17465 960 138

Lateral Weir Breakout Downstream of
Yosemite Avenue

17460-16654 960 0

Inflow from Piedmont Creek 16437 1350 286

Lateral Weir Breakout Downstream
Piedmont Creek

16654-14467 1197 153

Inflow from Los Coches Creek 14422 1566 392

Calaveras Boulevard 13887 1566 0

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel flow
due differences in the time to peak between the tributary and Berryessa Creek.
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Table 3-2 Original GRR Model Results for Without-Project Conditions - 10% Chance Exceedance
Flood Event

LOCATION
RAS

STATION

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 36242 560

Breakout at Old Piedmont Road Bridge 35249 560 0

Sweigert Creek - Old Location 35029 560

Breakout at Cropley/Piedmont Culvert 34041 560 0

Inflow at Sweigert Creek – Corrected
Location

33136 600 118

Lateral Weir Breakout Upstream of
Crosley Creek

31895-31026 598 2

Inflow at Crosley Creek 30478 598 148

Lateral Weir Breakout Upstream Morrill
Avenue

30468-29993 598 0

Inflow at Sierra Creek 28656 827 495

Breakout at Morrill Avenue Culvert 28447 827 0

Downstream Cropley Avenue 25744 827

I-680 Culvert 25296 827

Lateral Weir Breakout Upstream of
Montague

25295-21832 830 0

Inflow at Montague Avenue 21821 1120 451

Lateral Weir Breakout Downstream of
Montague Avenue

21666-21270 1120 0

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-17602 1120 0

Inflow at Yosemite Avenue 17465 1170 162

Lateral Weir Breakout Downstream of
Yosemite Avenue

17460-16654 1170 0

Inflow from Piedmont Creek 16437 1600 501

560Lateral Weir Breakout Downstream
Piedmont Creek

16654-14467 1265 335

Inflow from Los Coches Creek 14422 1725 518

Calaveras Boulevard 13887 1725 0

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel flow
due differences in the time to peak between the tributary and Berryessa Creek.
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Table 3-3 Original GRR Model Results for Without-Project Conditions - 4% Chance Exceedance
Flood Event

LOCATION
RAS

STATION

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 36242 830

Breakout at Old Piedmont Road Bridge 35249 830 0

Sweigert Creek - Old Location 35029 830

Breakout at Cropley/Piedmont Culvert 34041 830 0

Inflow at Sweigert Creek – Corrected
Location

33136 890 212

Lateral Weir Breakout Upstream of
Crosley Creek

31895-31026 786 104

Inflow at Crosley Creek 30478 786 245

Lateral Weir Breakout Upstream Morrill
Avenue

30468-29993 786 0

Inflow at Sierra Creek 28656 1155 778

Breakout at Morrill Avenue Culvert 28447 1155 0

Downstream Cropley Avenue 25744 1155

I-680 Culvert 25296 1155

Lateral Weir Breakout Upstream of
Montague

25295-21832 1260 0

Inflow at Montague Avenue 21821 1620 684

Lateral Weir Breakout Downstream of
Montague Avenue

21666-21270 1515 171

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-17602 1515 0

Inflow at Yosemite Avenue 17465 1664 2236

Lateral Weir Breakout Downstream of
Yosemite Avenue

17460-16654 1664 0

Inflow from Piedmont Creek 16437 2335 861

Lateral Weir Breakout Downstream
Piedmont Creek

16654-14467 1361 974

Inflow from Los Coches Creek 14422 1981 757

Calaveras Boulevard 13887 1981 0

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel flow
due differences in the time to peak between the tributary and Berryessa Creek.
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Table 3-4 Original GRR Model Results for Without-Project Conditions - 2% Chance Exceedance
Flood Event

LOCATION
RAS

STATION

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 36242 1090

Breakout at Old Piedmont Road Bridge 35249 1082 8

Sweigert Creek - Old Location 35029 1082

Breakout at Cropley/Piedmont Culvert 34041 1023 59

Inflow at Sweigert Creek – Corrected
Location

33136 1113 250

Lateral Weir Breakout Upstream of
Crosley Creek

31895-31026 1000 113

Inflow at Crosley Creek 30478 1000 277

Lateral Weir Breakout Upstream Morrill
Avenue

30468-29993 1000 0

Inflow at Sierra Creek 28656 1450 968

Breakout at Morrill Avenue Culvert 28447 1450 0

Downstream Cropley Avenue 25744 1450

I-680 Culvert 25296 1630

Lateral Weir Breakout Upstream of
Montague

25295-21832 1103 460

Inflow at Montague Avenue 21821 1492 791

Lateral Weir Breakout Downstream of
Montague Avenue

21666-21270 1417 79

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-17602
1417

0

Inflow at Yosemite Avenue 17465 1597 265

Lateral Weir Breakout Downstream of
Yosemite Avenue

17460-16654 1597 0

Inflow from Piedmont Creek 16437 2245 1049

Lateral Weir Breakout Downstream
Piedmont Creek

16654-14467 1287 1146

Inflow from Los Coches Creek 14422 2127 972

Calaveras Boulevard 13887 2127 0

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel flow
due differences in the time to peak between the tributary and Berryessa Creek.
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Table 3-5 Original GRR Model Results for Without-Project Conditions - 1% Chance Exceedance
Flood Event

LOCATION
RAS

STATION

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 36242 1430

Breakout at Old Piedmont Road Bridge 35249 1385 45

Sweigert Creek - Old Location 35029 1385

Breakout at Cropley/Piedmont Culvert 34041 1028 357

Inflow at Sweigert Creek – Corrected
Location

33136 1128 308

Lateral Weir Breakout Upstream of
Crosley Creek

31895-31026 1011 117

Inflow at Crosley Creek 30478 1011 372

Lateral Weir Breakout Upstream Morrill
Avenue

30468-29993 1011 0

Inflow at Sierra Creek 28656 1621 1458

Breakout at Morrill Avenue Culvert 28447 1599 22

Downstream Cropley Avenue 25744 1599

I-680 Culvert 25296 1716

Lateral Weir Breakout Upstream of
Montague

25295-21832 898 818

Inflow at Montague Avenue 21821 1535 922

Lateral Weir Breakout Downstream of
Montague Avenue

21666-21270 1812 170

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-17602 1812 0

Inflow at Yosemite Avenue 17465 1941 302

Lateral Weir Breakout Downstream of
Yosemite Avenue

17460-16654 1917 24

Inflow from Piedmont Creek 16437 2881 1338

Lateral Weir Breakout Downstream
Piedmont Creek

16654-14467 1214 1667

Inflow from Los Coches Creek 14422 2315 1253

Calaveras Boulevard 13887 2315 0

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel flow
due differences in the time to peak between the tributary and Berryessa Creek.
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Table 3-6 Original GRR Model Results for Without-Project Conditions - 0.5% Chance Exceedance
Flood Event

LOCATION
RAS

STATION

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 36242 1820

Breakout at Old Piedmont Road Bridge 35249 1662 158

Sweigert Creek - Old Location 35029 1662

Breakout at Cropley/Piedmont Culvert 34041 1054 608

Inflow at Sweigert Creek – Corrected
Location

33136 1194 365

Lateral Weir Breakout Upstream of
Crosley Creek

31895-31026 1059 135

Inflow at Crosley Creek 30478 1319 477

Lateral Weir Breakout Upstream Morrill
Avenue

30468-29993 1306 13

Inflow at Sierra Creek 28656 1746 1493

Breakout at Morrill Avenue Culvert 28447 1505 241

Downstream Cropley Avenue 25744 1505

I-680 Culvert 25296 2660

Lateral Weir Breakout Upstream of
Montague

25295-21832 835 1825

Inflow at Montague Avenue 21821 1662 1077

Lateral Weir Breakout Downstream of
Montague Avenue

21666-21270 1546 204

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-17602 1546 0

Inflow at Yosemite Avenue 17465 1636 354

Lateral Weir Breakout Downstream of
Yosemite Avenue

17460-16654 1636 0

Inflow from Piedmont Creek 16437 2628 1691

Lateral Weir Breakout Downstream
Piedmont Creek

16654-14467 1079 1757

Inflow from Los Coches Creek 14422 2360 1583

Calaveras Boulevard 13887 2325 35

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel flow
due differences in the time to peak between the tributary and Berryessa Creek.
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Table 3-7 Original GRR Model Results for Without-Project Conditions - 0.2% Chance Exceedance
Flood Event

LOCATION
RAS

STATION

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 36242 2130

Breakout at Old Piedmont Road Bridge 35249 1848 283

Sweigert Creek - Old Location 35029 1848

Breakout at Cropley/Piedmont Culvert 34041 1068 782

Inflow at Sweigert Creek – Corrected
Location

33136 1238 432

Lateral Weir Breakout Upstream of
Crosley Creek

31895-31026 1090 145

Inflow at Crosley Creek 30478 1392 535

Lateral Weir Breakout Upstream Morrill
Avenue

30468-29993 1372 19

Inflow at Sierra Creek 28656 1913 1848

Breakout at Morrill Avenue Culvert 28447 1496 416

Downstream Cropley Avenue 25744 1469

I-680 Culvert 25296 3140

Lateral Weir Breakout Upstream of
Montague

25295-21832 689 2451

Inflow at Montague Avenue 21821 1764 1230

Lateral Weir Breakout Downstream of
Montague Avenue

21666-21270 1604 250

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-17602 1604 0

Inflow at Yosemite Avenue 17465 1547 401

Lateral Weir Breakout Downstream of
Yosemite Avenue

17460-16654 1547 0

Inflow from Piedmont Creek 16437 2487 1842

Lateral Weir Breakout Downstream
Piedmont Creek

16654-14467 993 2032

Inflow from Los Coches Creek 14422 2297 1848

Calaveras Boulevard 13887 2444 97

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel flow
due differences in the time to peak between the tributary and Berryessa Creek.
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3.1.2 FLO-2D Model Results

The without-project Upper and Lower FLO-2D models were run for the 20, 4, 2, 1, 0.5, and
0.2 percent chance exceedance flood events developed using the original GRR methodology.
Each run had a total simulation time of 32 hours. Following the completion of the flood
simulations, the FLO-2D post-processor program Mapper was used to develop ArcMap flood
depth and flood water surface elevation shapefiles from the Upper and Lower FLO-2D model
results. The flood depth shapefiles were used to create floodplain maps for each simulated
event using standard ArcMap tools. The flood depth shapefiles for the Upper and Lower
FLO-2D models were combined for each simulated event to create a complete study area
floodplain. Figure 3-1 to Figure 3-7 show the resulting without-project floodplains for the
20% to 0.2% chance exceedance flood events for the Berryessa Creek study area. Since there
are no breakouts for the 50% chance exceedance event, the FLO-2D models were not run for
this event.

The FLO-2D floodplain water surface elevation shapefiles were used to assign water surface
elevations to the parcel economic data. Using the geoprocessing tools in ArcMap, the
floodplain water surface elevations were assigned to the parcel map shapefile representing
the structures in the floodplain. The parcel data amended with the structure water surface
elevations was used in the subsequent economic analysis.
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Figure 3-1 20% Chance Exceedance Flood Event Floodplain for the Original GRR Model Without-
Project Condition
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Figure 3-2 10% Chance Exceedance Flood Event Floodplain for the Original GRR Model Without-
Project Condition
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Figure 3-3 4% Chance Exceedance Flood Event Floodplain for the Original GRR Model Without
Project Condition



BERRYESSA CREEK PROJECT, SANTA CLARA COUNTY, CALIFORNIA
February 2013 Chapter 3: Without-Project Floodplains

3-13

Appendix B: Engineering and Design Part II: Floodplain Development

Figure 3-4 2% Chance Exceedance Flood Event Floodplain for the Original GRR Model Without-
Project Condition
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Figure 3-5 1% Chance Exceedance Flood Event Floodplain for the Original GRR Model Without-
Project Condition
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Figure 3-6 0.5% Chance Exceedance Flood Event Floodplain for the Original GRR Model Without-
Project Condition
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Figure 3-7 0.2% Chance Exceedance Flood Event Floodplain for the Original GRR Model Without-
Project Condition
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3.1.3 Original GRR Model Results Comparison to FEMA Floodplain

The FEMA 1 percent (100-year) floodplain was compared to the Original GRR Model
Without-Project 1% chance exceedance flood event floodplain. Figure 3-8 compares the 1%
chance exceedance without-project floodplain with the currently accepted FEMA 1 percent
(100-year) floodplain. The FEMA floodplain is mapped on the following FEMA map panels.

 Panel 9 of 64 of City of San Jose, Santa Clara County California FIRM, Community
Panel Number 060349 0009G revised August 17, 1998

 Panel 10 of 64 of City of San Jose, Santa Clara County California FIRM, Community
Panel Number 060349 0010E revised August 17, 1998

 Panel 1 of 4 of the City of Milpitas, Santa Clara County, California FIRM, County
Panel Number 060344 0001G revised June 22, 1998

 Panel 3 of 4 of the City of Milpitas, Santa Clara County, California FIRM, County
Panel Number 060344 0003G revised June 22, 1998

The FEMA floodplain shows the results of a commingled floodplain resulting from
Berryessa Creek overflows plus a number of other contributing flood sources in the study
area including Sweigert Creek, Sierra Creek, and Penitencia Creek. (The Penitencia Creek
floodplain no longer occurs due to the Penitencia Creek Project.) Floodplains specific to
these flows were not part of the current GRR, although the hydrology and design have
always considered that discharges associated with Sweigert and Sierra Creeks are conveyed
to Berryessa Creek.

Upstream of I-680, as seen in Figure 3-8, the without-project and FEMA floodplains
generally agree considering that the majority of the flooding to the south of the creek
upstream of Morrill Avenue is the result of Sierra and Sweigert Creek breakouts. However,
the following differences were observed between the two floodplains. Except as noted above
(commingling and independent tributary floodplains) and in the individual items below, the
differences are due to the increased accuracy of the FLO-2D model as well as where the
breakouts were assumed to occur in the older HEC-2 model.

 The current without-project floodplain shows a small amount of additional flooding
from the Old Piedmont Road Bridge breakout to the northwest that is not present in
the FEMA floodplain.

 The current without-project floodplain shows a small amount of flooding to the north
of Cropley Avenue upstream of Morrill Avenue.

 A small breakout from Berryessa Creek is present in the current without-project
floodplain just downstream of the I-680 culvert.

 The breakout from upstream of Montague Expressway in the current without-project
floodplain shows flooding to the northwest that is not in the FEMA floodplain. This
flow follows the prevailing topography and is considered more accurate.
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 The current without-project floodplain shows the area just north of Montague and east
of Capitol Avenue to be flooded where the FEMA floodplain contains areas that are
not flooded. The FEMA floodplain assumed that a railroad embankment contained
flows in this area, whereas the area actually consists of low-lying land that receives
water from surrounding and adjacent overflow areas.

 The current without-project floodplain shows breakouts near Yosemite flowing to the
northwest and west, compared to the FEMA floodplain. This flow follows the
prevailing topography and is considered more accurate.
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Figure 3-8 Comparison of the FEMA Floodplain and the Original GRR Model Without-Project 1%
Chance Exceedance Flood Event Floodplain
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3.2 Revised GRR Modeling Results

3.2.1 FLO-2D Flow Inputs

The input to the Upper and Lower FLO-2D models was created using the Revised GRR
Methodology as discussed in Chapters 1 and 2. Only the inflow hydrographs were adjusted
for the various FLO-2D simulations, the same data files for the physical features and channel
geometry were applied for all frequency events. Table 3-8 to Table 3-14 list the resulting
channel flow and breakout flows for each of the flow change locations used in the without-
project HEC-RAS model. The original input into the HEC-RAS model is listed in Appendix
B, Part I, “Hydraulic Analysis of Alternatives”. Since the 50% chance exceedance event did
not incur breakouts from the channel, no breakout table was developed for this report.
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Table 3-8 Revised GRR Model Results for Without-Project Conditions - 20% Chance Exceedance
Flood Event

LOCATION
RAS

STATION/
FLO-2D GRID

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 31422 420

Breakout at Old Piedmont Road Bridge 31062 420

Sweigert Creek - Old Location 30722 420

Breakout at Cropley/Piedmont Culvert 30382 420

Inflow at Sweigert Creek – Corrected
Location

28502 445 100

Lateral Weir Breakout Upstream of
Crosley Creek

2379-25992 445

Inflow at Crosley Creek 23342 510 126

Lateral Weir Breakout Upstream Morrill
Avenue

1842-21142 510

Inflow at Sierra Creek 13262 695 140

Breakout at Morrill Avenue Culvert 12792 692 3

Downstream Cropley Avenue 7882 692

I-680 Culvert 252963 698

Lateral Weir Breakout Upstream of
Montague

25295-218323 689 0

Inflow at Montague Avenue 218213 963 382

Lateral Weir Breakout Downstream of
Montague Avenue

21666-212703 963 0

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-176023 960 0

Inflow at Yosemite Avenue 174483 960 149

Inflow from Piedmont Creek 164373 1374 387

Lateral Weir Breakout Downstream of
Yosemite Avenue

14467-174603 1196 153

Inflow from Los Coches Creek 144223 1623 429

Calaveras Boulevard 138873 1625 0

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel flow
due differences in the time to peak between the tributary and Berryessa Creek.

2. Upper FLO-2D Model Grid
3. Lower HEC-RAS Model Station



BERRYESSA CREEK PROJECT, SANTA CLARA COUNTY, CALIFORNIA
February 2013 Chapter 3: Without-Project Floodplains

3-22

Appendix B: Engineering and Design Part II: Floodplain Development

Table 3-9 Revised GRR Model Results for Without-Project Conditions - 10% Chance Exceedance
Flood Event

LOCATION
RAS

STATION/
FLO-2D GRID

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 31422 564

Breakout at Old Piedmont Road Bridge 31062 564 0

Sweigert Creek - Old Location 30722 564

Breakout at Cropley/Piedmont Culvert 30382 564 0

Inflow at Sweigert Creek – Corrected
Location

28502 604 129

Lateral Weir Breakout Upstream of
Crosley Creek

2379-25992 590 14

Inflow at Crosley Creek 23342 662 163

Lateral Weir Breakout Upstream Morrill
Avenue

1842-21142 662 0

Inflow at Sierra Creek 13262 847 492

Breakout at Morrill Avenue Culvert 12792 846 0

Downstream Cropley Avenue 7882 953

I-680 Culvert 252963 953

Lateral Weir Breakout Upstream of
Montague

25295-218323 913 40

Inflow at Montague Avenue 218213 1234 461

Lateral Weir Breakout Downstream of
Montague Avenue

21666-212703 1233 0

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-176023 1228 0

Inflow at Yosemite Avenue 174483 1300 175

Inflow from Piedmont Creek 164373 1714 450

Lateral Weir Breakout Downstream of
Yosemite Avenue

14467-174603 1327 387

Inflow from Los Coches Creek 144223 1880 559

Calaveras Boulevard 138873 1880 0

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel flow
due differences in the time to peak between the tributary and Berryessa Creek.

2. Upper FLO-2D Model Grid
3. Lower HEC-RAS Model Station



BERRYESSA CREEK PROJECT, SANTA CLARA COUNTY, CALIFORNIA
February 2013 Chapter 3: Without-Project Floodplains

3-23

Appendix B: Engineering and Design Part II: Floodplain Development

Table 3-10 Revised GRR Model Results for Without-Project Conditions - 4% Chance Exceedance
Flood Event

LOCATION
RAS

STATION/
FLO-2D GRID

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 31422 829

Breakout at Old Piedmont Road Bridge 31062 829 0

Sweigert Creek - Old Location 30722 829

Breakout at Cropley/Piedmont Culvert 30382 829 0

Inflow at Sweigert Creek – Corrected
Location

28502 890 212

Lateral Weir Breakout Upstream of
Crosley Creek

2379-25992 808 82

Inflow at Crosley Creek 23342 896 225

Lateral Weir Breakout Upstream Morrill
Avenue

1842-21142 895 0

Inflow at Sierra Creek 13262 1156 778

Breakout at Morrill Avenue Culvert 12792 1149 0

Downstream Cropley Avenue 7882 1145

I-680 Culvert 252963 1145

Lateral Weir Breakout Upstream of
Montague

25295-218323 912 78

Inflow at Montague Avenue 218213 1471 692

Lateral Weir Breakout Downstream of
Montague Avenue

21666-212703 1443 26

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-176023 1407 27

Inflow at Yosemite Avenue 174483 1520 244

Inflow from Piedmont Creek 164373 2181 715

Lateral Weir Breakout Downstream of
Yosemite Avenue

14467-174603 1376 696

Inflow from Los Coches Creek 144223 2205 833

Calaveras Boulevard 138873 2203 0

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel flow
due differences in the time to peak between the tributary and Berryessa Creek.

2. Upper FLO-2D Model Grid
3. Lower HEC-RAS Model Station
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Table 3-11 Revised GRR Model Results for Without-Project Conditions - 2% Chance Exceedance
Flood Event

LOCATION
RAS

STATION/
FLO-2D GRID

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 31422 1094

Breakout at Old Piedmont Road Bridge 31062 1037 57

Sweigert Creek - Old Location 30722 1090

Breakout at Cropley/Piedmont Culvert 30382 1049 41

Inflow at Sweigert Creek – Corrected
Location

28502 1118 257

Lateral Weir Breakout Upstream of
Crosley Creek

2379-25992 932 186

Inflow at Crosley Creek 23342 1032 275

Lateral Weir Breakout Upstream Morrill
Avenue

1842-21142 1032 0

Inflow at Sierra Creek 13262 1429 968

Breakout at Morrill Avenue Culvert 12792 1418 10

Downstream Cropley Avenue 7882 1405

I-680 Culvert 252963 1398

Lateral Weir Breakout Upstream of
Montague

25295-218323 834 252

Inflow at Montague Avenue 218213 1535 811

Lateral Weir Breakout Downstream of
Montague Avenue

21666-212703 1484 50

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-176023 1358 46

Inflow at Yosemite Avenue 174483 1550 275

Inflow from Piedmont Creek 164373 2305 821

Lateral Weir Breakout Downstream of
Yosemite Avenue

14467-174603 1325 859

Inflow from Los Coches Creek 144223 2346 868

Calaveras Boulevard 138873 2345 39

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel flow
due differences in the time to peak between the tributary and Berryessa Creek.

2. Upper FLO-2D Model Grid
3. Lower HEC-RAS Model Station
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Table 3-12 Revised GRR Model Results for Without-Project Conditions - 1% Chance Exceedance
Flood Event

LOCATION
RAS

STATION/
FLO-2D GRID

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 31422 1428

Breakout at Old Piedmont Road Bridge 31062 1170 258

Sweigert Creek - Old Location 30722 1462

Breakout at Cropley/Piedmont Culvert 30382 1063 399

Inflow at Sweigert Creek – Corrected
Location

28502 1174 308

Lateral Weir Breakout Upstream of
Crosley Creek

2379-25992 966 208

Inflow at Crosley Creek 23342 1083 329

Lateral Weir Breakout Upstream Morrill
Avenue

1842-21142 1088 0

Inflow at Sierra Creek 13262 1605 1421

Breakout at Morrill Avenue Culvert 12792 1560 45

Downstream Cropley Avenue 7882 1540

I-680 Culvert 252963 1544

Lateral Weir Breakout Upstream of
Montague

25295-218323 700 484

Inflow at Montague Avenue 218213 1579 928

Lateral Weir Breakout Downstream of
Montague Avenue

21666-212703 1506 68

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-176023 1416 73

Inflow at Yosemite Avenue 174483 1611 317

Inflow from Piedmont Creek 164373 2393 858

Lateral Weir Breakout Downstream of
Yosemite Avenue

14467-174603 1295 1065

Inflow from Los Coches Creek 144223 2534 928

Calaveras Boulevard 138873 2373 163

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel flow
due differences in the time to peak between the tributary and Berryessa Creek.

2. Upper FLO-2D Model Grid
3. Lower HEC-RAS Model Station
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Table 3-13 Revised GRR Model Results for Without-Project Conditions - 0.5% Chance Exceedance
Flood Event

LOCATION
RAS

STATION/
FLO-2D GRID

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 31422 1818

Breakout at Old Piedmont Road Bridge 31062 1180 738

Sweigert Creek - Old Location 30722 1726

Breakout at Cropley/Piedmont Culvert 30382 1098 628

Inflow at Sweigert Creek – Corrected
Location

28502 1230 379

Lateral Weir Breakout Upstream of
Crosley Creek

2379-25992 1013 217

Inflow at Crosley Creek 23342 1171 375

Lateral Weir Breakout Upstream Morrill
Avenue

1842-21142 1227 0

Inflow at Sierra Creek 13262 1688 1493 0

Breakout at Morrill Avenue Culvert 12792 1630 58

Downstream Cropley Avenue 7882 1608

I-680 Culvert 252963 1611

Lateral Weir Breakout Upstream of
Montague

25295-218323 626 822

Inflow at Montague Avenue 218213 1646 1072

Lateral Weir Breakout Downstream of
Montague Avenue

21666-212703 1554 91

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-176023 1269 132

Inflow at Yosemite Avenue 174483 1639 361

Inflow from Piedmont Creek 164373 2452 901

Lateral Weir Breakout Downstream of
Yosemite Avenue

14467-174603 1345 1157

Inflow from Los Coches Creek 144223 2625 911

Calaveras Boulevard 138873 2383 228

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel flow
due differences in the time to peak between the tributary and Berryessa Creek.

2. Upper FLO-2D Model Grid
3. Lower HEC-RAS Model Station



BERRYESSA CREEK PROJECT, SANTA CLARA COUNTY, CALIFORNIA
February 2013 Chapter 3: Without-Project Floodplains

3-27

Appendix B: Engineering and Design Part II: Floodplain Development

Table 3-14 Revised GRR Model Results for Without-Project Conditions - 0.2% Chance Exceedance
Flood Event

LOCATION
RAS

STATION/
FLO-2D GRID

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 31422 2129

Breakout at Old Piedmont Road Bridge 31062 1183 946

Sweigert Creek - Old Location 30722 1868

Breakout at Cropley/Piedmont Culvert 30382 1098 770

Inflow at Sweigert Creek – Corrected
Location

28502 1249 438

Lateral Weir Breakout Upstream of
Crosley Creek

2379-25992 1029 220

Inflow at Crosley Creek 23342 1334 435

Lateral Weir Breakout Upstream Morrill
Avenue

1842-21142 1332 0

Inflow at Sierra Creek 13262 1865 1835

Breakout at Morrill Avenue Culvert 12792 1719 142

Downstream Cropley Avenue 7882 1713

I-680 Culvert 252963 1770

Lateral Weir Breakout Upstream of
Montague

25295-218323 520 1029

Inflow at Montague Avenue 218213 1699 1227

Lateral Weir Breakout Downstream of
Montague Avenue

21666-212703 1592 106

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-176023 1210 206

Inflow at Yosemite Avenue 174483 1924 401

Inflow from Piedmont Creek 164373 2520 900

Lateral Weir Breakout Downstream of
Yosemite Avenue

14467-174603 1362 1215

Inflow from Los Coches Creek 144223 2622 951

Calaveras Boulevard 138873 2387 226

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel flow
due differences in the time to peak between the tributary and Berryessa Creek.

2. Upper FLO-2D Model Grid
3. Lower HEC-RAS Model Station
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3.2.2 Revised GRR FLO-2D Model Results

The Revised without-project Upper and Lower FLO-2D models were run for the 20, 4, 2, 1,
0.5, and 0.2% chance exceedance flood events. In addition, the 50% chance exceedance
event was run for the Upper FLO-2D model. Each run had a total simulation time of 40
hours. Following the completion of the flood simulations, the FLO-2D post-processor
program Mapper was used to develop ArcMap flood depth and flood water surface elevation
shapefiles from the Upper and Lower FLO-2D model results. The flood depth shapefiles
were used to create floodplain maps for each simulated event using standard ArcMap tools.
The flood depth shapefiles for the Upper and Lower FLO-2D models were combined for
each simulated event to create a complete study area floodplain. Figure 3-9 to Figure 3-15
show the without-project floodplains for the 20% to 0.2% chance exceedance flood events
for the Berryessa Creek study area. Since the 50% chance exceedance event did not incur
breakouts from the channel, no floodplain figure was developed.

The FLO-2D floodplain water surface elevation shapefiles were used to assign water surface
elevations to the parcel economic data. Using the geoprocessing tools in ArcMap, the
floodplain water surface elevations were assigned to the parcel map shapefile representing
the structures in the floodplain. The parcel data amended with the structure water surface
elevations was used in the subsequent economic analysis.
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Figure 3-9 20% Chance Exceedance Flood Event Floodplain for the Revised GRR Model Without-
Project Condition
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Figure 3-10 10% Chance Exceedance Flood Event Floodplain for the Revised GRR Model Without-
Project Condition
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Figure 3-11 4% Chance Exceedance Flood Event Floodplain for the Revised GRR Model Without-
Project Condition
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Figure 3-12 2% Chance Exceedance Flood Event Floodplain for the Revised GRR Model Without-
Project Condition
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Figure 3-13 1% Chance Exceedance Flood Event Floodplain for the Revised GRR Model Without-
Project Condition
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Figure 3-14 0.5% Chance Exceedance Flood Event Floodplain for the Revised GRR Model Without-
Project Condition
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Figure 3-15 0.2% Chance Exceedance Flood Event Floodplain for the Revised GRR Model Without-
Project Condition
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3.2.3 Comparison of Revised GRR Model to FEMA Floodplain

The FEMA 1 percent (100-year) floodplain was compared to the Revised GRR Model
Without-Project 1% Chance exceedance flood event floodplain. Figure 3-16 compares the
1% chance exceedance without-project floodplain with the currently accepted FEMA 1
percent (100-year) floodplain. The FEMA floodplain is mapped on the following FEMA map
panels.

 Panel 9 of 64 of City of San Jose, Santa Clara County California FIRM, Community
Panel Number 060349 0009G revised August 17, 1998

 Panel 10 of 64 of City of San Jose, Santa Clara County California FIRM, Community
Panel Number 060349 0010E revised August 17, 1998

 Panel 1 of 4 of the City of Milpitas, Santa Clara County, California FIRM, County
Panel Number 060344 0001G revised June 22, 1998

 Panel 3 of 4 of the City of Milpitas, Santa Clara County, California FIRM, County
Panel Number 060344 0003G revised June 22, 1998

The FEMA floodplain shows the results of a commingled floodplain resulting from
Berryessa Creek overflows plus a number of other contributing flood sources in the study
area including Sweigert Creek, Sierra Creek, and Penitencia Creek. (The Penitencia Creek
floodplain no longer occurs due to the Penitencia Creek Project.) Floodplains specific to the
Upper Sweigert and Sierra Creeks are not part of the current GRR, although consideration
was made to the capacity of the culvert inlets for the discharges associated with Sweigert and
Sierra Creeks that are conveyed to the Revised Berryessa Creek FLO-2D Model.

Upstream of I-680, as seen in Figure 3-16, the without-project and FEMA floodplains
generally agree considering that the majority of the flooding to the southeast of the creek
upstream of Morrill Avenue is the result of Upper Sierra and Sweigert Creek flooding.
However, the following differences were observed between the two floodplains. Except as
noted above (commingling and independent tributary floodplains) and in the individual items
below, the differences are due to the increased accuracy of the FLO-2D model as well as
where the breakouts were assumed to occur in the older HEC-2 model.

 The Revised Without-Project floodplain shows a small amount of additional flooding
from the Old Piedmont Road Bridge breakout to the northwest that is not present in
the FEMA floodplain.

 The Revised Without-Project floodplain shows a small amount of flooding to the
north of Cropley Avenue upstream of Morrill Avenue.

 A small breakout from Berryessa Creek is present in the Revised Without-Project
floodplain just downstream of the I-680 culvert.

 The breakout from upstream of Montague Expressway in the Revised Without-
Project floodplain shows flooding to the northwest that is not in the FEMA
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floodplain. This flow follows the prevailing topography and is considered more
accurate.

 The Revised Without-Project floodplain shows the area just north of Montague and
east of Capitol Avenue to be flooded where the FEMA floodplain contains areas that
are not flooded. The FEMA floodplain assumed that a railroad embankment
contained flows in this area, whereas the area actually consists of low-lying land that
receives water from surrounding and adjacent overflow areas.

 The Revised Without-Project floodplain shows breakouts near Yosemite flowing to
the northwest and west, compared to the FEMA floodplain. This flow follows the
prevailing topography and is considered more accurate.
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Figure 3-16 Comparison of the FEMA Floodplain and the Revised GRR Model Without-Project 1%
Chance Exceedance Flood Event Floodplain
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CHAPTER 4: INCREMENTAL ANALYSIS

The incremental analysis was conducted using the original GRR methodology. An
incremental analysis of the flood damage reduction components for the Berryessa Creek
study was conducted to determine the level of protection that is economically justified for
both the Upper and Lower Berryessa study areas. Increment plans for different levels of
protection, based on the channel capacity, were developed for the Upper and Lower areas
based on an earthen trapezoidal channel cross section, as shown in Figure 4-1, for reaches
along Berryessa Creek where channel modification were warranted and feasible. The flood
damage reduction component incremental plans were sized such that a new and distinct plan
was developed when a major change in cost, for example bridge reconstruction/replacement,
was necessary to obtain the next desired level of protection. Table 4-1 lists the four
increments used in the analysis. Further rationale for each level of protection increment
studied is included in the Appendix B, Part I, “Hydraulic Analysis of Alternatives”.

The 2, 1, 0.5, and 0.2 percent chance exceedance event floodplains were developed for each
of the four increments where applicable. No floodplains were developed for events smaller
than the level of protection provided by the increment (i.e. the 1% chance exceedance level
of protection plan did not generate a 2 or 1 percent chance exceedance floodplain since both
would be contained in channel). Table 4-1 lists the floodplains developed in support of the
flood damage reduction component incremental analysis.

Table 4-1 Floodplains Developed in Support of Flood Damage Reduction Component
Incremental Analysis

Level of Protection
(Median flow)

Upper Model Floodplains Lower Model Floodplains

Increment A – Pass 3% Chance
Exceedance Event

2, 1, 0.5, and 0.2 Percent Chance
Exceedance Events

2, 1, 0.5, and 0.2 Percent Chance
Exceedance Events

Increment B – Pass 2% Chance
Exceedance Event

1, 0.5, and 0.2 Percent Chance
Exceedance Events

1, 0.5, and 0.2 Percent Chance
Exceedance Events

Increment C – Pass 1% Chance
Exceedance Event

0.5, and 0.2 Percent Chance
Exceedance Events

0.5, and 0.2 Percent Chance
Exceedance Events

Increment D – Pass 0.5% Chance
Exceedance Event

0.2% Chance Exceedance Events 0.2% Chance Exceedance Events

The increment A-D FLO-2D Upper and Lower models were each run for the 2, 1, 0.5, and
0.2 percent chance exceedance events as indicated in Table 4-1. The design storm was of 24
hour duration, in order to allow for sufficient time to complete the flood routing. The models
were run for a total simulation time of 32 hours. After the flood simulations were completed,
the FLO-2D post-processor program Mapper was used to develop ArcMap flood depth and
flood water surface elevation shapefiles from the Upper and Lower FLO-2D model results.

The flood depth shapefiles were used to create floodplain maps for each simulated event
using standard ArcMap tools. The flood depth shapefiles for the Upper and Lower FLO-2D
models were combined for each simulated event to generate a total area of flood inundation.
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The FLO-2D floodplain water surface elevation shapefiles were used to assign water surface
elevations to the parcel economic data as described in the Economic Appendix.

Figure 4-1 Earthen Trapezoidal Cross Section

4.1 Increment A – Pass 3% Chance Exceedance Event

Increment A provides a protection from the 3% chance exceedance event for Berryessa
Creek through the entire study reach. Increment A consists of the following project features:

 A 2-foot levee upstream of Old Piedmont Road
 Armoring of bed and Banks between Old Piedmont Road and Cropley Avenue
 A one-half foot headwall extension at the Piedmont-Cropley Culvert
 Levees of up to 1.5 feet in the Greenbelt Reach
 Removal of existing dragons teeth and channel invert smoothing at Cropley Avenue

Culvert
 Levees of up to 1.7 feet from Montague Avenue to the I-680 Culvert
 A 0.7-foot headwall extension at the Montague Culvert
 Channel Excavation and levees of up to 0.6 feet from Montague Avenue to the UPRR

Trestle
 Channel Excavation and levees of up to 3.9 feet from the UPRR Culvert to just

downstream of Calaveras Boulevard
 Extension of existing wing-walls at the UPRR Culvert
 A one foot headwall extension at the Los Coches Bridge
 Installation of a transition structure at Calaveras Boulevard bridge

Table 4-2 to Table 4-5 list the channel flow and breakout for the Increment A HEC-RAS
model. Figure 4-2 to Figure 4-5 show the resulting 2, 1, 0.5 and 0.2 percent chance
exceedance floodplains for Increment A.
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Table 4-2 Original GRR Model Results for Increment A - 2% Chance Exceedance Flood Event

LOCATION
RAS

STATION

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 36242 1090

Breakout at Old Piedmont Road Bridge 35249 1081 9

Sweigert Creek - Old Location 35029 1081

Breakout at Cropley/Piedmont Culvert 34041 1030 51

Inflow at Sweigert Creek – Corrected
Location

33136 1120 250

Lateral Weir Breakout Upstream of Crosley
Creek

31895-31026 1120 0

Inflow at Crosley Creek 30478 1280 277

Lateral Weir Breakout Upstream Morrill
Avenue

30468-29993 1280 0

Inflow at Sierra Creek 28656 1570 968

Breakout at Morrill Avenue Culvert 28447 1550 20

Downstream Cropley Avenue 25744 1630

I-680 Culvert 25296 1630

Lateral Weir Breakout Upstream of
Montague

25295-21832 1099 531

Inflow at Montague Avenue 21821 1488 791

Lateral Weir Breakout Downstream of
Montague Avenue

21666-21270 1419 69

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-17602 1353 66

Inflow at Yosemite Avenue 17465 1533 265

Lateral Weir Breakout Downstream of
Yosemite Avenue

17460-16654 1510 23

Inflow from Piedmont Creek 16437 2116 1049

Lateral Weir Breakout Downstream
Piedmont Creek

16654-14467 1135 981

Inflow from Los Coches Creek 14422 1885 972

Calaveras Boulevard 13887 1885 0

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel flow
due differences in the time to peak between the tributary and Berryessa Creek.
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Table 4-3 Original GRR Model Results Results for Increment A - 1% Chance ExceedanceFlood
Event

LOCATION
RAS

STATION

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 36242 1430

Breakout at Old Piedmont Road Bridge 35249 1350 80

Sweigert Creek - Old Location 35029 1350

Breakout at Cropley/Piedmont Culvert 34041 1100 250

Inflow at Sweigert Creek – Corrected
Location

33136 1200 308

Lateral Weir Breakout Upstream of Crosley
Creek

31895-31026 1184 16

Inflow at Crosley Creek 30478 1394 372

Lateral Weir Breakout Upstream Morrill
Avenue

30468-29993 1394 0

Inflow at Sierra Creek 28656 1794 1458

Breakout at Morrill Avenue Culvert 28447 1700 94

Downstream Cropley Avenue 25744 2124

I-680 Culvert 25296 2140

Lateral Weir Breakout Upstream of
Montague

25295-21832 1034 1106

Inflow at Montague Avenue 21821 1671 922

Lateral Weir Breakout Downstream of
Montague Avenue

21666-21270 1559 112

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-17602 1439 120

Inflow at Yosemite Avenue 17465 1569 302

Lateral Weir Breakout Downstream of
Yosemite Avenue

17460-16654 1535 34

Inflow from Piedmont Creek 16437 2201 1338

Lateral Weir Breakout Downstream
Piedmont Creek

16654-14467 1103 1097

Inflow from Los Coches Creek 14422 2003 1253

Calaveras Boulevard 13887 2003

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel flow
due differences in the time to peak between the tributary and Berryessa Creek.
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Table 4-4 Original GRR Model Results for Increment A - 0.5% Chance ExceedanceFlood Event

LOCATION
RAS

STATION

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW
(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 36242 1820

Breakout at Old Piedmont Road Bridge 35249 1610 210

Sweigert Creek - Old Location 35029 1610

Breakout at Cropley/Piedmont Culvert 34041 1143 467

Inflow at Sweigert Creek – Corrected
Location

33136 1283 365

Lateral Weir Breakout Upstream of Crosley
Creek

31895-31026 1227 56

Inflow at Crosley Creek 30478 1487 477

Lateral Weir Breakout Upstream Morrill
Avenue

30468-29993 1483 4

Inflow at Sierra Creek 28656 1923 1493

Breakout at Morrill Avenue Culvert 28447 1753 170

Downstream Cropley Avenue 25744 2600

I-680 Culvert 25296 2660

Lateral Weir Breakout Upstream of
Montague

25295-21832 935 1725

Inflow at Montague Avenue 21821 1760 1077

Lateral Weir Breakout Downstream of
Montague Avenue

21666-21270 1622 137

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-17602 1484 138

Inflow at Yosemite Avenue 17465 1574 354

Lateral Weir Breakout Downstream of
Yosemite Avenue

17460-16654 1527 47

Inflow from Piedmont Creek 16437 2219 1691

Lateral Weir Breakout Downstream
Piedmont Creek

16654-14467 1082 1137

Inflow from Los Coches Creek 14422 2052 1583

Calaveras Boulevard 13887 2052

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel flow
due differences in the time to peak between the tributary and Berryessa Creek.
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Table 4-5 Original GRR Model Results for Increment A - 0.2% Chance ExceedanceFlood Event

LOCATION
RAS

STATION

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 36242 2130

Breakout at Old Piedmont Road Bridge 35249 1820 340

Sweigert Creek - Old Location 35029 1820

Breakout at Cropley/Piedmont Culvert 34041 1168 652

Inflow at Sweigert Creek – Corrected
Location

33136 1420 432

Lateral Weir Breakout Upstream of Crosley
Creek

31895-31026 1297 123

Inflow at Crosley Creek 30478 1637 535

Lateral Weir Breakout Upstream Morrill
Avenue

30468-29993 1614 24

Inflow at Sierra Creek 28656 2994 1848

Breakout at Morrill Avenue Culvert 28447 1407 1587

Downstream Cropley Avenue 25744 2994

I-680 Culvert 25296 3140

Lateral Weir Breakout Upstream of
Montague

25295-21832 799 2341

Inflow at Montague Avenue 21821 1851 1230

Lateral Weir Breakout Downstream of
Montague Avenue

21666-21270 1684 167

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-17602 1684

Inflow at Yosemite Avenue 17465 1774 401

Lateral Weir Breakout Downstream of
Yosemite Avenue

17460-16654 1701 73

Inflow from Piedmont Creek 16437 2366 1842

Lateral Weir Breakout Downstream
Piedmont Creek

16654-14467 963 1403

Inflow from Los Coches Creek 14422 2206 1848

Calaveras Boulevard 13887 2206

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel flow
due differences in the time to peak between the tributary and Berryessa Creek.



BERRYESSA CREEK PROJECT, SANTA CLARA COUNTY, CALIFORNIA
February 2013 Chapter 4: Incremental Analysis

4-7

Appendix B: Engineering and Design Part II: Floodplain Development

Figure 4-2 2% Chance Exceedance Event Floodplain for Original GRR Model Increment A
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Figure 4-3 1% Chance Exceedance Event Floodplain for Original GRR Model Increment A
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Figure 4-4 0.5% Chance Exceedance Event Floodplain for Increment A
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Figure 4-5 0.2% Chance Exceedance Event Floodplain for Original GRR Model Increment A
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As seen in Table 4-6, the areal extent of the Increment A floodplain slightly increases for the
2, 1, and 0.5% chance exceedance events. This occurs because Increment A was designed to
eliminate the flooding from the 3% chance exceedance (approximately 33-year) flood event.
Downstream of I- 680, the left bank of Berryessa Creek is along the creek channel in the
lowest points. Increasing the bank elevation in these areas does not significantly increase the
channel conveyance capacity. The increased bank heights force more water downstream
resulting in more areas of shallow flooding.

A similar event occurs for the 0.2% chance exceedance flood event upstream of the 680
Interstate. Upstream of highway 680 for the 0.5% chance exceedance event, the highest
overbank discharges are located at the bridges and culverts. The Increment A flood
mitigation measures increase the channel conveyance capacity until the tributary inflow
causes overflow at the lateral weir representing the banks. An increase in channel flood
conveyance upstream will result in overbank flooding downstream by forcing more water
volume downstream in the channel.

Figure 4-6 graphically displays the results in Table 4-6, showing the resulting areas of
increased flooding for the 2% chance exceedance flood event as well as the areas of
decreased flooding.

Table 4-6 Original GRR Model Results - Increment A versus Without Project Floodplain Area
Comparison

Increment

Floodplain Area in Acres (percent reduction from Without Project
Floodplain)

2% Chance
Exceedance

Event

1% Chance
Exceedance

Event

0.5% Chance
Exceedance

Event

0.2% Chance
Exceedance

Event

Upstream of I-680 (Upper FLO-2D Model Results)

Without Project 100 (N/A) 196 (N/A) 254 (N/A) 322 (N/A)

Increment A 12 (88%) 180 (8%) 246 (3%) 324 (-1%)

Downstream of I-680 (Lower FLO-2D Model Results)

Without Project 809 (N/A) 998 (N/A) 1083 (N/A) 1172 (N/A)

Increment A 821 (-2%) 1033 (-3%) 1101 (-2%) 1127 (4%)

Total Study Area (Upper plus Lower FLO-2D Model Results)

Without Project 909 (N/A) 1194 (N/A) 1337 (N/A) 1493 (N/A)

Increment A 834 (8%) 1213 (-2%) 1347 (-1%) 1451 (3%)
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Figure 4-6 Change in Floodplain Area between the Original GRR Model Without Project and
Increment A 2% Chance Exceedance Event Floodplains
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4.2 Increment B – Pass 2% Chance Exceedance Event

Increment B provides a protection from up to the 2% chance exceedance event for Berryessa
Creek for the study area reach.

Increment B consists of the following project features:

 A 2.5-foot levee upstream of Old Piedmont Road
 A 1.5-foot headwall extension at the Old Piedmont Bridge
 Armoring of bed and Banks between Old Piedmont Road and Cropley Avenue
 A 1.5-foot headwall extension at the Piedmont-Cropley Culvert
 Levees of up to 2.2 feet in the Greenbelt Reach
 Tie in of the Morrill Avenue headwall to the channel levees
 Removal of existing dragons teeth and channel invert smoothing at Cropley Avenue

Culvert
 Levees of up to 2.0 feet from Montague Avenue to the I-680 Culvert
 A 0.7-foot headwall extension at the Montague Culvert
 Channel Excavation and levees of up to 0.6 feet from Montague Avenue to the UPRR

Trestle
 Replacement of the UPRR Trestle with a triple 11ft x 11ft box culvert (same design

as the existing UPRR Culvert located downstream of the trestle)
 Channel Excavation and levees of up to 4.4 feet from the UPRR Culvert to just

downstream of Calaveras Boulevard
 Extension of existing wing-walls at the UPRR Culvert
 A 1.5-foot headwall extension at the Los Coches Bridge
 Installation of a transition structure at Calaveras Boulevard bridge

Table 4-7 to Table 4-9 list the resulting channel and breakout flows for the Increment B
HEC-RAS model. Figure 4-7 to Figure 4-9 show the 1, 0.5, and 0.2% chance exceedance
event Increment B floodplains.
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Table 4-7 Original GRR Model Results for Increment B – 1% Chance Exceedance Flood Event

LOCATION
RAS

STATION

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 36242 1430

Breakout at Old Piedmont Road Bridge 35249 1420 10

Sweigert Creek - Old Location 35029 1420

Breakout at Cropley/Piedmont Culvert 34041 1172 248

Inflow at Sweigert Creek – Corrected
Location

33136 1272 308

Lateral Weir Breakout Upstream of Crosley
Creek

31895-31026 1272 0

Inflow at Crosley Creek 30478 1482 372

Lateral Weir Breakout Upstream Morrill
Avenue

30468-29993 1482 0

Inflow at Sierra Creek 28656 1882 1458

Breakout at Morrill Avenue Culvert 28447 1769 113

Downstream Cropley Avenue 25744 2140

I-680 Culvert 25296 2140

Lateral Weir Breakout Upstream of
Montague

25295-21832 1364 776

Inflow at Montague Avenue 21821 2002 922

Lateral Weir Breakout Downstream of
Montague Avenue

21666-21270 1969 33

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-17602 1664 304

Inflow at Yosemite Avenue 17465 1794 302

Lateral Weir Breakout Downstream of
Yosemite Avenue

17460-16654 1700 94

Inflow from Piedmont Creek 16437 2403 1338

Lateral Weir Breakout Downstream
Piedmont Creek

16654-14467 1310 1094

Inflow from Los Coches Creek 14422 2210 1253

Calaveras Boulevard 13887 2210

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel flow
due differences in the time to peak between the tributary and Berryessa Creek.
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Table 4-8 Original GRR Model Results for Increment B - 0.5% Chance Exceedance Flood Event

LOCATION
RAS

STATION

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 36242 1820

Breakout at Old Piedmont Road Bridge 35249 1730 90

Sweigert Creek - Old Location 35029 1730

Breakout at Cropley/Piedmont Culvert 34041 1356 374

Inflow at Sweigert Creek – Corrected
Location

33136 1496 365

Lateral Weir Breakout Upstream of Crosley
Creek

31895-31026 1421 75

Inflow at Crosley Creek 30478 1681 477

Lateral Weir Breakout Upstream Morrill
Avenue

30468-29993 1677 4

Inflow at Sierra Creek 28656 2117 1493

Breakout at Morrill Avenue Culvert 28447 1797 320

Downstream Cropley Avenue 25744 2581

I-680 Culvert 25296 2660

Lateral Weir Breakout Upstream of
Montague

25295-21832 1225 1435

Inflow at Montague Avenue 21821 2051 1077

Lateral Weir Breakout Downstream of
Montague Avenue

21666-21270 2006 45

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-17602 1698 308

Inflow at Yosemite Avenue 17465 1788 354

Lateral Weir Breakout Downstream of
Yosemite Avenue

17460-16654 1672 116

Inflow from Piedmont Creek 16437 2437 1691

Lateral Weir Breakout Downstream
Piedmont Creek

16654-14467 1288 1149

Inflow from Los Coches Creek 14422 2258 1583

Calaveras Boulevard 13887 2258

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel flow
due differences in the time to peak between the tributary and Berryessa Creek.
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Table 4-9 Original GRR Model Results for Increment B - 0.2% Chance Exceedance Flood Event

LOCATION
RAS

STATION

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 36242 2130

Breakout at Old Piedmont Road Bridge 35249 1820 320

Sweigert Creek - Old Location 35029 1820

Breakout at Cropley/Piedmont Culvert 34041 1365 455

Inflow at Sweigert Creek – Corrected
Location

33136 1617 432

Lateral Weir Breakout Upstream of Crosley
Creek

31895-31026 1513 104

Inflow at Crosley Creek 30478 1853 535

Lateral Weir Breakout Upstream Morrill
Avenue

30468-29993 1827 27

Inflow at Sierra Creek 28656 3010 1848

Breakout at Morrill Avenue Culvert 28447 1617 1393

Downstream Cropley Avenue 25744 3010

I-680 Culvert 25296 3140

Lateral Weir Breakout Upstream of
Montague

25295-21832 1035 2105

Inflow at Montague Avenue 21821 2089 1230

Lateral Weir Breakout Downstream of
Montague Avenue

21666-21270 2032 58

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-17602 1701 331

Inflow at Yosemite Avenue 17465 1791 401

Lateral Weir Breakout Downstream of
Yosemite Avenue

17460-16654 1675 115

Inflow from Piedmont Creek 16437 2390 1842

Lateral Weir Breakout Downstream
Piedmont Creek

16654-14467 1183 1207

Inflow from Los Coches Creek 14422 2431 1848

Calaveras Boulevard 13887 2431

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel flow
due differences in the time to peak between the tributary and Berryessa Creek.
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Figure 4-7 1% Chance Exceedance Event Floodplain for Original GRR Model Increment B
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Figure 4-8 0.5% Chance Exceedance Event Floodplain for Original GRR Model Increment B
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Figure 4-9 0.2% Chance Exceedance Event Floodplain for Original GRR Model Increment B
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Figure 4-10 shows the resulting increase and decrease areas of flooding between the
Increment B and without project for the 1% chance exceedance flood event. As seen in Table
4-10, Increment B results in a small reduction in the flooded area of approximately 73 acres.

As seen in Table 4-10 and Figure 4-10, the areal extent of the Increment B floodplain slightly
increases for the 1 and 0.5% chance exceedance flood event. Upstream of highway 680 for
the 0.5% chance exceedance event, the highest overbank discharges are located at the bridges
and culverts. The Increment A flood mitigation measures increase the channel conveyance
capacity until the tributary inflow causes overflow at the lateral weir representing the banks.
An increase in channel flood conveyance upstream will result in overbank flooding
downstream by forcing more water volume downstream in the channel. This increase is due
to the same phenomenon as described for Increment A. The higher level of design for the 2%
chance exceedance flood event affects a larger portion of the left bank of Berryessa Creek
downstream of Interstate 680, increasing the overall channel capacity. The increased channel
capacity allows for a longer shallower overflow weir than in the without condition resulting
in an increase in the floodplain.

Table 4-10 Original GRR Model Results - Increment B versus Without Project Floodplain Area
Comparison

Increment

Floodplain Area in Acres (percent reduction from Without Project Floodplain)

2% Chance
Exceedance

Event

1% Chance
Exceedance

Event

0.5% Chance
Exceedance

Event

0.2% Chance
Exceedance

Event

Upstream of I-680 (Upper FLO-2D Model Results)

Without Project 100 (N/A) 196 (N/A) 254 (N/A) 322 (N/A)

Increment B 0 (100%) 131 (33%) 208 (18%) 315 (2%)

Downstream of I-680 (Lower FLO-2D Model Results)

Without Project 809 (N/A) 998 (N/A) 1083 (N/A) 1172 (N/A)

Increment B 0 (100%) 989 (1%) 1103 (-2%) 1148 (2%)

Total Study Area (Upper plus Lower FLO-2D Model Results)

Without Project 909 (N/A) 1194 (N/A) 1337 (N/A) 1493 (N/A)

Increment B 0 (100%) 1121 (6%) 1311 (2%) 1463 (2%)
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Figure 4-10 Change in Floodplain Area between the Original GRR Model Without Project and
Increment B 1% Chance Exceedance Event Floodplains
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4.3 Increment C – Pass 1% Chance Exceedance Event

Increment C provides protection from the 1% chance exceedance event for Berryessa Creek
through the entire study reach. Increment C consists of the following project features:

 A 3-foot levee upstream of Old Piedmont Road
 Replacement of the Old Piedmont Bridge with a 22-foot span
 Armoring of bed and Banks between Old Piedmont Road and Cropley Avenue
 Replacement of the Piedmont-Cropley Culvert with a 20’ x 7’ culvert
 Levees of up to 3.1 feet in the Greenbelt Reach
 Replace the Morrill Avenue culvert with 26-foot span
 Removal of existing dragons teeth, channel invert smoothing and replacement of the

Cropley Avenue Culvert with 24-foot span
 Levees of up to 2.1 feet from Montague Avenue to the I-680 Culvert
 Replacement of the Montague Culvert with 26-foot span with 1.5 foot headwall
 Replacement of the UPRR Trestle with a triple 11’ x 12’ box culvert (same design as

the existing UPRR Culvert located downstream of the trestle)
 Channel Excavation and levees of up to 2.3 feet from the Montague Avenue to just

downstream of Calaveras Boulevard
 Extension of existing wing-walls at the UPRR Culvert
 Installation of a transition structure at the Los Coches Bridge
 Installation of a transition structure at Calaveras Boulevard bridge

Table 4-11 and Table 4-12 list the resulting channel and breakout flows for the Increment C
HEC-RAS model. Figure 4-11 and Figure 4-12 show the 0.5 and 0.2% chance exceedance
event floodplains for Increment C.
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Table 4-11 Original GRR Model Results for Increment C - 0.5% Chance Exceedance Flood Event

LOCATION
RAS

STATION

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 36242 1820

Breakout at Old Piedmont Road Bridge 35249 1820 0

Sweigert Creek - Old Location 35029 1820

Breakout at Cropley/Piedmont Culvert 34041 1710 110

Inflow at Sweigert Creek – Corrected
Location

33136 1850 365

Lateral Weir Breakout Upstream of Crosley
Creek

31895-31026 1845 5

Inflow at Crosley Creek 30478 2105 477

Lateral Weir Breakout Upstream Morrill
Avenue

30468-29993 2098 7

Inflow at Sierra Creek 28656 2538 1493

Breakout at Morrill Avenue Culvert 28447 2426 92

Downstream Cropley Avenue 25744 2648

I-680 Culvert 25296 2660

Lateral Weir Breakout Upstream of
Montague

25295-21832 2219 441

Inflow at Montague Avenue 21821 3048 1077

Lateral Weir Breakout Downstream of
Montague Avenue

21666-21270 3011 38

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-17602 3011

Inflow at Yosemite Avenue 17465 3101 354

Lateral Weir Breakout Downstream of
Yosemite Avenue

17460-16654 3101

Inflow from Piedmont Creek 16437 4041 1691

Lateral Weir Breakout Downstream
Piedmont Creek

16654-14467 3849 192

Inflow from Los Coches Creek 14422 4659 1583

Calaveras Boulevard 13887 4659

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel
flow due differences in the time to peak between the tributary and Berryessa Creek.
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Table 4-12 Original GRR Model Results for Increment C - 0.2% Chance Exceedance Flood Event

LOCATION
RAS

STATION

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 36242 2130

Breakout at Old Piedmont Road Bridge 35249 2130 0

Sweigert Creek - Old Location 35029 2130

Breakout at Cropley/Piedmont Culvert 34041 1806 324

Inflow at Sweigert Creek – Corrected
Location

33136 2058 432

Lateral Weir Breakout Upstream of Crosley
Creek

31895-31026 1946 112

Inflow at Crosley Creek 30478 2286 535

Lateral Weir Breakout Upstream Morrill
Avenue

30468-29993 2252 35

Inflow at Sierra Creek 28656 2994 1848

Breakout at Morrill Avenue Culvert 28447 2694 300

Downstream Cropley Avenue 25744 2994

I-680 Culvert 25296 3140

Lateral Weir Breakout Upstream of
Montague

25295-21832 2107 1033

Inflow at Montague Avenue 21821 3165 1230

Lateral Weir Breakout Downstream of
Montague Avenue

21666-21270 3067 99

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-17602 3067 0

Inflow at Yosemite Avenue 17465 3157 401

Lateral Weir Breakout Downstream of
Yosemite Avenue

17460-16654 3157 0

Inflow from Piedmont Creek 16437 4097 1842

Lateral Weir Breakout Downstream
Piedmont Creek

16654-14467 3636 461

Inflow from Los Coches Creek 14422 4670 1848

Calaveras Boulevard 13887 4670

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel
flow due differences in the time to peak between the tributary and Berryessa Creek.
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Figure 4-11 0.5% Chance Exceedance Event Floodplain for Original GRR Model Increment C
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Figure 4-12 0.2% Chance Exceedance Event Floodplain for Original GRR Model Increment C
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Figure 4-13 shows the resulting reduction and increases between Increment C and the
without project 0.5% chance exceedance flood event. As seen in Figure 4-13, Increment C
results in a small increase in the flooded area which is offset by the large areas of flooding
reduction. Table 4-13 shows that Increment C results in a large reduction in floodplain extent
for both the 0.2 and 0.5% chance exceedance flood events. This is primarily due to the
greatly increased channel capacity that Increment C provides. The increased capacity allows
the channel to convey a significantly larger portion of the flow volume that would escape
into the floodplain in the without project conditions.

Table 4-13 Original GRR Model Results - Increment C versus Without Project Floodplain Area
Comparison

Increment

Floodplain Area in Acres (percent reduction from Without Project Floodplain)

2% Chance
Exceedance

Event

1% Chance
Exceedance

Event

0.5% Chance
Exceedance

Event

0.2% Chance
Exceedance

Event

Upstream of I-680 (Upper FLO-2D Model Results)

Without Project 100 (N/A) 196 (N/A) 254 (N/A) 322 (N/A)

Increment C 0 (100%) 0 (100%) 65 (75%) 177 (45%)

Downstream of I-680 (Lower FLO-2D Model Results)

Without Project 809 (N/A) 998 (N/A) 1083 (N/A) 1172 (N/A)

Increment C 0 (100%) 0 (100%) 503 (54%) 865 (26%)

Total Study Area (Upper plus Lower FLO-2D Model Results)

Without Project 909 (N/A) 1194 (N/A) 1337 (N/A) 1493 (N/A)

Increment C 0 (100%) 0 (100%) 567 (58%) 1041 (30%)
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Figure 4-13 Change in Floodplain Area between the Original GRR Model Without Project and
Increment C 0.5% Chance Exceedance Event Floodplains
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4.4 Increment D - 0.5% Chance Exceedance Event

Increment D provides protection from a 0.5% chance exceedance event for Berryessa Creek
through the study reach. Increment D consists of the following project features:

 A 3.5-foot levee upstream of Old Piedmont Road
 Replacement of the Old Piedmont Bridge with a 30 foot span
 Armoring of bed and Banks between Old Piedmont Road and Cropley Avenue
 Replacement of the Piedmont-Cropley Culvert with a 24’ x 7’ culvert
 Levees of up to 3.2 feet in the Greenbelt Reach
 Replace the Morrill Avenue culvert with 30-foot span
 Removal of existing dragons teeth, channel invert smoothing and replacement of the

Cropley Avenue Culvert with 24-foot span
 Levees of up to 0.2 feet from Cropley Avenue to I-680 Culvert
 Levees of up to 3.2 feet from Montague Avenue to the I-680 Culvert
 Replacement of the Montague Culvert with 36-foot span with 2.5 foot headwall
 Replacement of the UPRR Trestle with a triple 11’ x 12’ box culvert
 Channel Excavation and levees of up to 2.7 feet from the Montague Avenue to just

downstream of Calaveras Boulevard
 Extension of existing wing-walls at the UPRR Culvert
 Installation of a transition structure at the Los Coches Bridge
 Replace the Calaveras Boulevard bridge with 46 foot span

Table 4-14 lists the resulting channel and breakout flows for the Increment D HEC-RAS
model. Figure 4-14 shows the 0.2% chance exceedance event floodplain for Increment D.
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Table 4-14 Original GRR Model Results for Increment D - 0.2% Chance Exceedance Flood Event

LOCATION
RAS

STATION

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 36242 1430

Breakout at Old Piedmont Road Bridge 35249 2130 0

Sweigert Creek - Old Location 35029 2130

Breakout at Cropley/Piedmont Culvert 34041 2039 90

Inflow at Sweigert Creek – Corrected
Location

33136 2130 432

Lateral Weir Breakout Upstream of
Crosley Creek

31895-31026 2130

Inflow at Crosley Creek 30478 2600 535

Lateral Weir Breakout Upstream
Morrill Avenue

30468-29993 2596 4

Inflow at Sierra Creek 28656 3136 1848

Breakout at Morrill Avenue Culvert 28447 3116 20

Downstream Cropley Avenue 25744 3136

I-680 Culvert 25296 3140

Lateral Weir Breakout Upstream of
Montague

25295-21832 2780 360

Inflow at Montague Avenue 21821 3840 1230

Lateral Weir Breakout Downstream of
Montague Avenue

21666-21270 3743 97

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-17602 3743

Inflow at Yosemite Avenue 17465 3833 401

Lateral Weir Breakout Downstream of
Yosemite Avenue

17460-16654 3833

Inflow from Piedmont Creek 16437 4773 1842

Lateral Weir Breakout Downstream
Piedmont Creek

16654-14467 4506 267

Inflow from Los Coches Creek 14422 5660 1848

Calaveras Boulevard 13887 5660

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel
flow due differences in the time to peak between the tributary and Berryessa Creek.
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Figure 4-14 0.2% Chance Exceedance Event Floodplain for Original GRR Model Increment D
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Figure 4-15 shows the resulting reduction between the Increment D and without project 0.2%
chance exceedance flood event. The small areas of increased flooding are due to the bridge
and bank improvements which allow a larger amount of flow to pass down the channel which
were previously limited. The Increment D Plan encompasses a number of significant flood
mitigation alternatives that increase the channel conveyance capacity and substantially
reduce the area of inundation (Table 4-15).

Table 4-15 Original GRR Model Results Increment D versus Without Project Floodplain Floodplain
Area Comparison

Increment

Floodplain Area in Acres (percent reduction from Without Project Floodplain)

2% Chance
Exceedance

Event

1% Chance
Exceedance

Event

0.5% Chance
Exceedance

Event

0.2% Chance
Exceedance

Event

Upstream of I-680 (Upper FLO-2D Model Results)

Without Project 100 (N/A) 196 (N/A) 254 (N/A) 322 (N/A)

Increment D 0 (100%) 0 (100%) 0 (100%) 72 (78%)

Downstream of I-680 (Lower FLO-2D Model Results)

Without Project 809 (N/A) 998 (N/A) 1083 (N/A) 1172 (N/A)

Increment D 0 (100%) 0 (100%) 0 (100%) 457 (61%)

Total Study Area (Upper plus Lower FLO-2D Model Results)

Without Project 909 (N/A) 1194 (N/A) 1337 (N/A) 1493 (N/A)

Increment D 0 (100%) 0 (100%) 0 (100%) 529 (65%)
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Figure 4-15 Change in Floodplain Area between the Original GRR Model Without Project and
Increment D 0.2% Chance Exceedance Event Floodplains
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4.5 Flood Damage Reduction Component Incremental Analysis Results Summary

The Flood Damage Reduction Component Incremental Plan analysis for flood mitigation of
Berryessa Creek is summarized in Table 4-16. The reduced area of inundations for each plan
was used to determine the NED analysis (Economics Appendix).

Table 4-16 Flood Damage Reduction Component Incremental Analysis Floodplain Area Results
Summary

Increment

Floodplain Area in Acres (percent reduction from Without Project Floodplain)

2% Chance
Exceedance

Event

1% Chance
Exceedance

Event

0.5% Chance
Exceedance

Event

0.2% Chance
Exceedance

Event

Upstream of I-680 (Upper FLO-2D Model Results)

Without Project 100 (N/A) 196 (N/A) 254 (N/A) 322 (N/A)

Increment A 12 (88%) 180 (8%) 246 (3%) 324 (-1%)

Increment B 0 (100%) 131 (33%) 208 (18%) 315 (2%)

Increment C 0 (100%) 0 (100%) 65 (75%) 177 (45%)

Increment D 0 (100%) 0 (100%) 0 (100%) 72 (78%)

Downstream of I-680 (Lower FLO-2D Model Results)

Without Project 809 (N/A) 998 (N/A) 1083 (N/A) 1172 (N/A)

Increment A 821 (-2%) 1033 (-3%) 1101 (-2%) 1127 (4%)

Increment B 0 (100%) 989 (1%) 1103 (-2%) 1148 (2%)

Increment C 0 (100%) 0 (100%) 503 (54%) 865 (26%)

Increment D 0 (100%) 0 (100%) 0 (100%) 457 (61%)

Total Study Area (Upper plus Lower FLO-2D Model Results)

Without Project 909 (N/A) 1194 (N/A) 1337 (N/A) 1493 (N/A)

Increment A 834 (8%) 1213 (-2%) 1347 (-1%) 1451 (3%)

Increment B 0 (100%) 1121 (6%) 1311 (2%) 1463 (2%)

Increment C 0 (100%) 0 (100%) 567 (58%) 1041 (30%)

Increment D 0 (100%) 0 (100%) 0 (100%) 529 (65%)
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CHAPTER 5: PRELIMINARY ARRAY OF ALTERNATIVES

The preliminary array of alternatives was developed from 2006 to 2009 with the help of the
information developed in the incremental analysis. The GRR with-project scenarios are built
on the original GRR without-project HEC-RAS model and associated assumptions as
described in Section 1.1. Floodplains for the preliminary array of alternatives were developed
for the Berryessa Creek study area using the Original GRR Upper and Lower FLO-2D
models (as described in Chapter 2) and the Original GRR HEC-RAS without-project model
results (as described in Appendix B, Part I, Hydraulic Analysis of Alternatives).

The Authorized Plan, the NED plan, and three FEMA-certifiable alternatives were developed
in support of this study. A HEC-RAS model was developed for each alternative and FLO-2D
routing of breakout flows was performed. The FLO-2D output was developed into
floodplains for each breakout event for all alternatives. Table 5-1 list the alternatives, short
description of each, and the floodplain event developed.

Table 5-1 Berryessa Creek Alternatives

Alternative Name Floodplains
Alternative 1 No Action (Without Project as described

in Chapter 2)
5-, 10-, 25-, 50-, 100-,
200-, and 500-yr

Authorized Plan Authorized Plan 25-, 50-, 100-, 200-,
and 500-yr

Alternative 2A Incised Trapezoidal Channel 200- and 500-yr
Alternative 2B Incised Trapezoidal Channel 500-yr
Alternative 3B Terraced Trapezoidal Channel 200- and 500-yr
Alternative 4B Walled Trapezoidal Channel 200- and 500-yr

The authorized plan, as presented in the 1987 feasibility study, was modeled in HEC-RAS
for the current analysis. The authorized plan was modeled as described in the feasibility
study with no updates to the design based on the revised 2006 hydrology.

The flood damage reduction component incremental floodplains (described in Chapter 4)
were developed to aid in the determination of the optimal National Economic Development
(NED) plan. The NED analysis is described in depth in the Economics Appendix. The
Berryessa Creek Incremental Plan analysis for the flood damage reduction component
resulted in the selection of a plan that passes median discharge associated with the 1%
chance exceedance event for both the reach downstream of I-680 and upstream of I-680. One
alternatives was developed to NED sizing (denoted as Moderate Protection below).

Three additional alternatives were developed to FEMA certifiable levels as described by
Corps guidelines (denoted as FEMA-Certification Protection below). The design were done
in compliance with criteria developed by the U.S. Army Corps as outlined in the Engineering
Circular No. 1110-2-6067 “Certification of Levee Systems for the National Flood Insurance
Program” dated September 30, 2008. EC 1110-2-6067 stated that the criteria for certification
of a riverine levee system area as follow:
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 The conditional non-exceedance probability (CNP) must be greater than 90% from
overtopping of the base flood event for all reaches of the levee system.

 If the top of levee elevation if less than three feet above the FEMA base flood
elevation, the levee can only be certified if the CNP is greater than 95%.

 The top of levee elevation shall not be less than 2 feet above the FEMA base flood
elevation in any event, regardless is the CNP is 95% or greater.

For reaches within the study area consisting of entrenched channels, the criterion was a 90%
CNP at the bank elevation for the FEMA base flood events per conversations with the Corps
(COE 2008a). No minimum elevation above the base flood was specified for the entrenched
channel.

For the purposes of this study, the 0.9% chance exceedance event was selected as the base
flood event instead of the standard 1% event. The use of the 0.9% chance exceedance event
was selected to provide for robust alternative designs with respect to FEMA certification,
against possible future changes in the hydrology or hydraulics.

5.1 Alternative 1- No Action Alternative

Alternative 1 is the no action alternative. The no action alternative is the without project
floodplains described as described in Chapter 2.

5.2 Authorized Project

The Authorized Plan is the plan authorized by Congress in 1990. The Authorized Project is a
primarily a concrete-lined channel with a natural greenbelt. (Note that the Authorized Project
was modeled without updating the plan due to hydrologic changes.)

The Authorized Project consists of the following project features:

 Concrete Primary Sediment Basin upstream of Old Piedmont Road
 Lower invert and construct inlet transition structure at Old Piedmont Bridge
 Construct concrete-line channel with 5-foot bottom width and 1.5H:1V side slopes

from Old Piedmont to Piedmont Cropley.
 Construct secondary stilling basin downstream of Piedmont Cropley Culvert.
 Construct earthen levees with maximum height of 3 feet from Piedmont Cropley to

Morrill Avenue.
 Construct concrete lined channel with 14-foot bottom width and 1.5H:1V side slopes

from Morrill Avenue to Cropley Blvd.
 Construct inlet transition at Cropley Ave. Bridge.
 Extend Lining of existing concrete channel 0.06 feet from Cropley to I-680.
 Construct trapezoidal concrete lined channel with 20-foot bottom width and 1.5H:1V

side slopes from I-680 to Montague Expressway.
 Construct sloping wingwall structure at Montague Expressway Bridge.
 Construct trapezoidal concrete lined channel with 9-foot bottom width and 1.5H:1V

side slopes from Montague Expressway to UPRR Culvert.
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 Replace UPRR trestle with triple 11-ft by 9-ft RCB.
 Construct inlet transition at UPRR Trestle.
 Construct trapezoidal concrete lined channel with 12-foot bottom width and 1.5H:1V

side slopes from UPRR Trestle to Yosemite Drive.
 Excavate and extend concrete lining below Ames Ave. Bridge.
 Excavate and extend concrete lining below Yosemite Drive Bridge.
 Construct trapezoidal concrete lined channel with 16-foot bottom width and 1.5H:1V

side slopes from Yosemite Drive to Los Coches Street.
 Tie in concrete lining to existing concrete bed and reconstruct Los Coches Creek

confluence at Los Coches Street Bridge.
 Construct trapezoidal concrete lined channel with 30-foot bottom width and 1.5H:1V

side slopes from Los Coches Street to Calaveras Blvd.
 Construct sloping wingwall transition structure at Calaveras Blvd. Bridge
 Re-grade from Transition structure to existing channel downstream of Calaveras

Blvd.

Table 5-2 to Table 5-6 list the resulting channel and breakout flows for the Authorized
Project HEC-RAS model. Figure 5-1 to Figure 5-5 show the area of inundation for the
Authorized Project.
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Table 5-2 Original GRR Model Results for the Authorized Project – 4% Chance Exceedance Flood
Event

LOCATION
RAS

STATION

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 36242 830

Breakout at Old Piedmont Road Bridge 35249 830 0

Sweigert Creek - Old Location 35029 830

Breakout at Cropley/Piedmont Culvert 34041 830 0

Inflow at Sweigert Creek – Corrected
Location

33136 890 212

Lateral Weir Breakout Upstream of
Crosley Creek

31895-31026 769 121

Inflow at Crosley Creek 30478 879 245

Lateral Weir Breakout Upstream
Morrill Avenue

30468-29993 879 0

Inflow at Sierra Creek 28656 1139 778

Breakout at Morrill Avenue Culvert 28447 1139 0

Downstream Cropley Avenue 25744 1139

I-680 Culvert 25296 1260

Lateral Weir Breakout Upstream of
Montague

25295-21832 1257 3

Inflow at Montague Avenue 21821 1616 684

Lateral Weir Breakout Downstream of
Montague Avenue

21666-21270 1616 0

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-17602 1616 0

Inflow at Yosemite Avenue 17465 1766 236

Lateral Weir Breakout Downstream of
Yosemite Avenue

17460-16654 1583 183

Inflow from Piedmont Creek 16437 2126 861

Lateral Weir Breakout Downstream
Piedmont Creek

16654-14467 1877 250

Inflow from Los Coches Creek 14422 2497 757

Calaveras Boulevard 13887 2473 24

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel
flow due differences in the time to peak between the tributary and Berryessa Creek.
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Table 5-3 Original GRR Model Results for the Authorized Project - 2% Chance Exceedance Flood
Event

LOCATION
RAS

STATION

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 36242 1090

Breakout at Old Piedmont Road Bridge 35249 1082 8

Sweigert Creek - Old Location 35029 1082

Breakout at Cropley/Piedmont Culvert 34041 1023 59

Inflow at Sweigert Creek – Corrected
Location

33136 1113 250

Lateral Weir Breakout Upstream of Crosley
Creek

31895-31026 1000 113

Inflow at Crosley Creek 30478 1000 277

Lateral Weir Breakout Upstream Morrill
Avenue

30468-29993 1000 0

Inflow at Sierra Creek 28656 1449 968

Breakout at Morrill Avenue Culvert 28447 1449 0

Downstream Cropley Avenue 25744 1449

I-680 Culvert 25296 1563

Lateral Weir Breakout Upstream of
Montague

25295-21832 1102 460

Inflow at Montague Avenue 21821 1492 791

Lateral Weir Breakout Downstream of
Montague Avenue

21666-21270 1411 80

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-17602 1478 0

Inflow at Yosemite Avenue 17465 1658 265

Lateral Weir Breakout Downstream of
Yosemite Avenue

17460-16654 1658 0

Inflow from Piedmont Creek 16437 2448 1049

Lateral Weir Breakout Downstream
Piedmont Creek

16654-14467 1302 1146

Inflow from Los Coches Creek 14422 2142 972

Calaveras Boulevard 13887 2142

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel flow
due differences in the time to peak between the tributary and Berryessa Creek
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Table 5-4 Original GRR Model Results for the Authorized Project - 1% Chance Exceedance Flood
Event

LOCATION
RAS

STATION

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 36242 1430

Breakout at Old Piedmont Road Bridge 35249 1385 45

Sweigert Creek - Old Location 35029 1385

Breakout at Cropley/Piedmont Culvert 34041 1028 357

Inflow at Sweigert Creek – Corrected
Location

33136 1128 308

Lateral Weir Breakout Upstream of Crosley
Creek

31895-31026 1011 117

Inflow at Crosley Creek 30478 1011 372

Lateral Weir Breakout Upstream Morrill
Avenue

30468-29993 1011 0

Inflow at Sierra Creek 28656 1621 1458

Breakout at Morrill Avenue Culvert 28447 1599 22

Downstream Cropley Avenue 25744 1599

I-680 Culvert 25296 1716

Lateral Weir Breakout Upstream of
Montague

25295-21832 898 818

Inflow at Montague Avenue 21821 1535 922

Lateral Weir Breakout Downstream of
Montague Avenue

21666-21270 1387 170

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-17602 1811 0

Inflow at Yosemite Avenue 17465 1942 302

Lateral Weir Breakout Downstream of
Yosemite Avenue

17460-16654 1917 24

Inflow from Piedmont Creek 16437 1881 1338

Lateral Weir Breakout Downstream
Piedmont Creek

16654-14467 1214 1667

Inflow from Los Coches Creek 14422 2315 1253

Calaveras Boulevard 13887 2315 0

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel
flow due differences in the time to peak between the tributary and Berryessa Creek.
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Table 5-5 Original GRR Model Results for the Authorized Project – 0.5% Chance Exceedance
Flood Event

LOCATION
RAS

STATION

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 36242 1820

Breakout at Old Piedmont Road Bridge 35249 1662 158

Sweigert Creek - Old Location 35029 1662

Breakout at Cropley/Piedmont Culvert 34041 1054 608

Inflow at Sweigert Creek – Corrected
Location

33136 1194 365

Lateral Weir Breakout Upstream of Crosley
Creek

31895-31026 1059 135

Inflow at Crosley Creek 30478 1319 477

Lateral Weir Breakout Upstream Morrill
Avenue

30468-29993 1306 13

Inflow at Sierra Creek 28656 1746 1493

Breakout at Morrill Avenue Culvert 28447 1505 241

Downstream Cropley Avenue 25744 1505

I-680 Culvert 25296 2233

Lateral Weir Breakout Upstream of
Montague

25295-21832 921 1312

Inflow at Montague Avenue 21821 1735 1077

Lateral Weir Breakout Downstream of
Montague Avenue

21666-21270 1716 19

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-17602 2143 0

Inflow at Yosemite Avenue 17465 2233 354

Lateral Weir Breakout Downstream of
Yosemite Avenue

17460-16654 1700 533

Inflow from Piedmont Creek 16437 2469 1691

Lateral Weir Breakout Downstream
Piedmont Creek

16654-14467 1677 792

Inflow from Los Coches Creek 14422 2987 1583

Calaveras Boulevard 13887 2614 374

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel flow due
differences in the time to peak between the tributary and Berryessa Creek.
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Table 5-6 Original GRR Model Results for the Authorized Project - 0.2% Chance Exceedance
Flood Event

LOCATION
RAS

STATION

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 36242 2130

Breakout at Old Piedmont Road Bridge 35249 1848 283

Sweigert Creek - Old Location 35029 1848

Breakout at Cropley/Piedmont Culvert 34041 1068 782

Inflow at Sweigert Creek – Corrected
Location

33136 1238 432

Lateral Weir Breakout Upstream of Crosley
Creek

31895-31026 1092 146

Inflow at Crosley Creek 30478 1392 535

Lateral Weir Breakout Upstream Morrill
Avenue

30468-29993 1372 19

Inflow at Sierra Creek 28656 1913 1848

Breakout at Morrill Avenue Culvert 28447 1496 416

Downstream Cropley Avenue 25744 1496

I-680 Culvert 25296 2472

Lateral Weir Breakout Upstream of
Montague

25295-21832 700 1772

Inflow at Montague Avenue 21821 1739 1230

Lateral Weir Breakout Downstream of
Montague Avenue

21666-21270 1604 423

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-17602 2272 0

Inflow at Yosemite Avenue 17465 2362 401

Lateral Weir Breakout Downstream of
Yosemite Avenue

17460-16654 1692 670

Inflow from Piedmont Creek 16437 2558 1842

Lateral Weir Breakout Downstream
Piedmont Creek

16654-14467 1588 970

Inflow from Los Coches Creek 14422 3106 1848

Calaveras Boulevard 13887 2630 477

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel flow due
differences in the time to peak between the tributary and Berryessa Creek.
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Figure 5-1 4% Chance Exceedance Event Floodplain for the Original GRR Model Authorized
Project
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Figure 5-2 2% Chance Exceedance Event Floodplain for the Original GRR Model Authorized
Project
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Figure 5-3 1% Chance Exceedance Event Floodplain for the Original GRR Model Authorized
Project
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Figure 5-4 0.5% Chance Exceedance Event Floodplain for the Original GRR Model Authorized
Project
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Figure 5-5 0.2% Chance Exceedance Event Floodplain for the Original GRR Model Authorized
Project
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5.3 Alternative 2A – Incised Trapezoidal Channel - Moderate Protection

Alternative 2A consists of a 1% chance exceedance event level of protection upstream and
downstream of the I-680 culvert. The formulation of Alternative 2A was based on the results
of the flood damage reduction component incremental analysis projects and the conceptual
design developed in the F3 phase of the study. A complete description of the alternative
formulation process is included in Appendix B, Part I, “Hydraulic Analysis of Alternatives”.

Alternative 2A consists of the following project features:

 A 1 ft parapet wall upstream of Old Piedmont Road
 Replace Old Piedmont Bridge with a 22ft span bridge
 Construct riffle and pools with boulder weirs between Old Piedmont Road and

Cropley Avenue
 Replace Piedmont-Cropley Culvert with 20 ft box
 Lower sediment basin bed by 4 feet.
 Excavate floodplain terra and construct floodwall with maximum 1 ft height in the

Greenbelt Reach.
 Replace Morrill Avenue with 26 ft span
 Removal of existing dragons teeth
 Excavate channel thalweg and replace Cropley Avenue culvert with 24-foot span

bridge.
 Excavate 30-foot bottom width earthen channel with cellular bank protection and

construct levees of up to 1.8 feet from Montague Avenue to the I-680 Culvert
 Replacement of the Montague Culvert with 30-foot span with 1.5 foot headwall
 Excavate 10-foot bottom width earthen channel with cellular bank protection and

construct levees of up to 1.8 feet from Montague Avenue to UPRR Trestle
 Replacement of the UPRR Trestle with a triple 11ft x 12ft box culvert (same design

as the existing UPRR Culvert located downstream of the trestle)
 Excavate 40-foot bottom width earthen channel with cellular bank protection from

Montague Avenue to the Yosemite Drive
 Excavate 50-foot bottom width earthen channel with cellular bank protection and

earthen levees to 4 feet from Yosemite Drive to downstream of Calaveras Blvd.
 Extension of existing wing-walls at the UPRR Culvert
 Installation of a transition structure and 3-foot headwall and reconstruct confluence at

the Los Coches Bridge
 Installation of a transition structure and 3-foot headwall at Calaveras Boulevard

bridge

Note that channel excavation/modifications downstream of the I-680 culvert were based on
an earthen trapezoidal cross section as shown in Figure 5-1. The project attempts to balance
the cut and fill by using levees along the tops of the channel banks. A 2:1 side slope was
maintained were possible, but was steepened as necessary to keep the footprint within the
existing right of way.
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An Alternative 2A HEC-RAS model was developed from the baseline HEC-RAS model.
Table 5-7 and Table 5-8 list the resulting channel and breakout flows for the Alternative 2A
HEC-RAS model. The 0.5 and 0.2 percent chance exceedance floodplains were developed
for Alternative 2A using the methods outlined in Chapter 1. Figure 5-6 and Figure 5-7 show
the area of inundation for Alternative 2A.

Table 5-7 Original GRR Model Results for Alternative 2A Incised Trapezoidal Channel – Moderate
Protection - 0.5% Chance Exceedance Flood Event

LOCATION
RAS

STATION

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 36242 1820

Breakout at Old Piedmont Road Bridge 35249 1776 43

Sweigert Creek - Old Location 35029 1776

Breakout at Cropley/Piedmont Culvert 34041 1729 47

Inflow at Sweigert Creek – Corrected
Location

33136 1869 365

Lateral Weir Breakout Upstream of Crosley
Creek

31895-31026 1868 1

Inflow at Crosley Creek 30478 2127 477

Lateral Weir Breakout Upstream Morrill
Avenue

30468-28656 2012 114

Inflow at Sierra Creek 28656 2453 1493

Breakout at Morrill Avenue Culvert 28447 2452 0

Breakout Downstream Cropley Avenue 25744 2315 138

I-680 Culvert 25296 2660

Lateral Weir Breakout Upstream of
Montague

25295-21832 2161 499

Inflow at Montague Avenue 21821 2990 1077

Lateral Weir Breakout Downstream of
Montague Avenue

21666-21270 2930 60

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-17602 2930 0

Inflow at Yosemite Avenue 17465 3020 354

Lateral Weir Breakout Downstream of
Yosemite Avenue

17460-16654 3020 0

Inflow from Piedmont Creek 16437 4220 1691

Lateral Weir Breakout Downstream
Piedmont Creek

16654-14467 3899 398

Inflow from Los Coches Creek 14422 5132 1583

Calaveras Boulevard 13887 5103 29

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel
flow due differences in the time to peak between the tributary and Berryessa Creek.
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Table 5-8 Original GRR Model Results for Alternative 2A Incised Trapezoidal Channel – Moderate
Protection - 0.2% Chance Exceedance Flood Event

LOCATION
RAS

STATION

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 36242 2130

Breakout at Old Piedmont Road Bridge 35249 2080 50

Sweigert Creek - Old Location 35029 2080

Breakout at Cropley/Piedmont Culvert 34041 1818 262

Inflow at Sweigert Creek – Corrected
Location

33136 1988 432

Lateral Weir Breakout Upstream of Crosley
Creek

31895-31026 1979 9

Inflow at Crosley Creek 30478 2275 535

Lateral Weir Breakout Upstream Morrill
Avenue

30468-29993 2069 206

Inflow at Sierra Creek 28656 2610 1848

Breakout at Morrill Avenue Culvert 28447 2610 0

Breakout Downstream Cropley Avenue 25744 2378 232

I-680 Culvert 25296 3140

Lateral Weir Breakout Upstream of
Montague

25295-21832 2058 1082

Inflow at Montague Avenue 21821 3115 1230

Lateral Weir Breakout Downstream of
Montague Avenue

21666-21270 2976 139

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-17602 2976 0

Inflow at Yosemite Avenue 17465 3066 401

Lateral Weir Breakout Downstream of
Yosemite Avenue

17460-16654 3066 0

Inflow from Piedmont Creek 16437 4406 1842

Lateral Weir Breakout Downstream
Piedmont Creek

16654-14467 3795 763

Inflow from Los Coches Creek 14422 5163 1848

Calaveras Boulevard 13887 5095 68

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel
flow due differences in the time to peak between the tributary and Berryessa Creek.
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Figure 5-6 0.5% Chance Exceedance Event Floodplain for Original GRR Model Alternative 2A
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Figure 5-7 0.2% Chance Exceedance Event Floodplain for Original GRR Model Alternative 2A
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5.4 Alternative 2B – Incised Trapezoidal Channel - FEMA-Certification Protection

Alternative 2B consists of a FEMA certifiable level of protection upstream and downstream
of the I-680 culvert. Alternative 2B is fundamentally the same as Alternative 2A with the
features modified to provide a FEMA certifiable design.

Alternative 2B consists of the following project features:

 A 3-ft parapet wall and debris trap upstream of Old Piedmont Road
 Replace Old Piedmont Bridge with a 36-ft span bridge
 Construct riffle and pools with boulder weirs between Old Piedmont Road and

Cropley Avenue
 Replace Piedmont-Cropley Culvert with 28-ft box
 Lower sediment basin bed by 4 feet.
 Excavate floodplain terrace and construct floodwall with maximum 2-ft height in the

Greenbelt Reach.
 Replace Morrill Avenue with 32-ft span
 Removal of existing dragons teeth, channel invert smoothing, bridge replacement at

Cropley Avenue Culvert with 24 ft span
 Construct up to 3-ft concrete parapet wall from Morrill Ave. to I-680.
 Excavate 10- to 40-foot bottom width earthen channel with cellular bank protection

and construct levees of up to 3 feet from I-680 to UPRR Trestle.
 Replacement of the Montague Culvert with 60-foot span with 3-foot headwall
 Replacement of the UPRR Trestle with a triple 15ft x 12ft box culvert.
 Excavate 10- to 40-foot bottom width earthen channel with cellular bank protection

from UPRR Trestle to Yosemite Drive
 Replacement of the UPRR Culvert with a triple 40-ft bridge
 Excavate 55-foot bottom width earthen channel with cellular bank protection and

concrete parapet walls up to 6 feet from Yosemite Drive to Calaveras Blvd.
 Construct 100-ft bridge with 4-ft headwall at Los Coches Street
 Construct 100-ft raised deck bridge with 6-ft headwall at Calaveras Blvd.
 Excavate 70-foot bottom width earthen channel with cellular bank protection and

concrete parapet walls up to 6 feet downstream of Calaveras Blvd.

Note that channel excavation/modifications downstream of the I-680 culvert were based on
an earthen trapezoidal cross section as shown in Figure 5-1. A 2:1 side slope was maintained
were possible, but was steepened as necessary to keep the footprint within the existing right
of way.

A HEC-RAS model for Alternative 2B was developed from the baseline HEC-RAS model.
Table 5-9 lists the resulting channel and breakout flow for the Alternative 2B HEC-RAS
model. The 0.2% chance exceedance floodplain was developed for Alternative B using the
methods outlined in Chapter 1. Figure 5-8 shows the area of inundation for Alternative 2B.
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Table 5-9 Original GRR Model Results for Alternative 2B Incised Trapezoidal Channel – FEMA
Certifiable Protection - 0.2% Chance Exceedance Flood Event

LOCATION
RAS

STATION

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 36242 2130

Breakout at Old Piedmont Road Bridge 35249 2125 22

Sweigert Creek - Old Location 35029 2125

Breakout at Cropley/Piedmont Culvert 34041 2125 0

Inflow at Sweigert Creek – Corrected
Location

33136 2277 432

Lateral Weir Breakout Upstream of Crosley
Creek

31895-31026 2276 1

Inflow at Crosley Creek 30478 2577 535

Lateral Weir Breakout Upstream Morrill
Avenue

30468-29993 2573 4

Inflow at Sierra Creek 28656 3113 1848

Breakout at Morrill Avenue Culvert 28447 3113 0

Downstream Cropley Avenue 25744 3113

I-680 Culvert 25296 3140

Lateral Weir Breakout Upstream of
Montague

25295-21832 3140 0

Inflow at Montague Avenue 21821 4200 1230

Lateral Weir Breakout Downstream of
UPPR Trestle

20838-19390 4127 73

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-17602 4127 0

Inflow at Yosemite Avenue 17465 4217 401

Lateral Weir Breakout Downstream of
Yosemite Avenue

17460-16654 4217 0

Inflow from Piedmont Creek 16437 5557 1842

Lateral Weir Breakout Downstream
Piedmont Creek

16654-14467 5188 563

Inflow from Los Coches Creek 14422 6517 1848

Calaveras Boulevard 13887 6517 0

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel
flow due differences in the time to peak between the tributary and Berryessa Creek.
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Figure 5-8 0.2% Chance Exceedance Event Floodplain for Alternative 2B
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5.5 Alternative 3B –Terraced Trapezoidal Channel - FEMA-Certification Protection

Alternative 3B consists of a FEMA certifiable level of protection upstream and downstream
of the I-680 culvert. Alternative 3B is fundamentally the same as Alternative 2B, with the
primary difference being that the channel excavation/modifications downstream of the I-680
culvert was based on an earthen channel with terraces and levees. Alternative 3B would
provide a more environmentally-sensitive project with a smaller inner channel. This allows
for the construction of benches above the main channel that act as a floodplain which may be
vegetated. Due to the reduced main channel size, Alternative 3B would require higher levees
than Alternative 2B in order to confine the same design flow. The channel was modified by
balancing the levee cut and fill along the tops of the banks. A 2:1 side slope was maintained
throughout the lower reach with additional right of way required in locations.

Alternative 3B consists of the following project features:

 A 3-ft parapet wall and debris trap upstream of Old Piedmont Road
 Replace Old Piedmont Bridge with a 36-ft span bridge
 Construct riffle and pools with boulder weirs between Old Piedmont Road and

Cropley Avenue
 Replace Piedmont-Cropley Culvert with 28-ft box
 Lower sediment basin bed by 4 feet.
 Excavate floodplain terrace and construct floodwall with maximum 2-ft height in the

Greenbelt Reach.
 Replace Morrill Avenue with 32-ft span
 Removal of existing dragons teeth, channel invert smoothing, bridge replacement at

Cropley Avenue Culvert with 24 ft span
 Construct up to 3-ft concrete parapet wall from Morrill Ave. to I-680.
 Excavate 10- bottom width with two 15-ft vegetated terrace channel and acquire up to

45 ft of additional right of way as needed from I-680 to Ames Ave.
 Replacement of the Montague Culvert with 60-foot span with 3-foot headwall
 Replacement of the UPRR Trestle with a triple 15ft x 12ft box culvert.
 Replacement of the UPRR Culvert with a triple 40-ft bridge
 Excavate 10- bottom width with two 15-ft vegetated terrace channel with earthen

levees up to 3-ft and acquire up to 10 ft of additional right of way as needed from
Ames Ave to Yosemite Drive.

 Excavate 10- bottom width with two 15-ft vegetated terrace channel with earthen
levees up to 6-ft and acquire up to 15-ft of additional right of way as needed from
Yosemite to downstream of Calaveras Blvd.

 Construct 100-ft bridge with 4-ft headwall at Los Coches Street
 Construct 100-ft raised deck bridge with 6-ft headwall at Calaveras Blvd.

An Alternative 3B HEC-RAS model was developed using the baseline HEC-RAS model and
the Alternative 2B HEC-RAS model. The Alternative 2B geometry files were used for the
portion of Berryessa Creek upstream of I-680 and the baseline HEC-RAS model geometry
was modified to reflect the earthen trapezoid with terraces.
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Table 5-10 lists the resulting channel and breakout flows for the Alternative 3B HEC-RAS
model. The 0.2% chance exceedance floodplain was developed for Alternative 3B using the
methods outlined in Chapter 1. Figure 5-9 shows the area of inundation for Alternative 3B.

Table 5-10 Original GRR Model Results for Alternative 3B Terraced Trapezoidal Channel – FEMA
Certifiable Protection - 0.2% Chance Exceedance Flood Event

LOCATION
RAS

STATION

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 36242 2130

Breakout at Old Piedmont Road Bridge 35249 2125 22

Sweigert Creek - Old Location 35029 2125

Breakout at Cropley/Piedmont Culvert 34041 2125 0

Inflow at Sweigert Creek – Corrected
Location

33136 2277 432

Lateral Weir Breakout Upstream of Crosley
Creek

31895-31026 2276 1

Inflow at Crosley Creek 30478 2577 535

Lateral Weir Breakout Upstream Morrill
Avenue

30468-29993 2573 4

Inflow at Sierra Creek 28656 3113 1848

Breakout at Morrill Avenue Culvert 28447 3113 0

Downstream Cropley Avenue 25744 3113

I-680 Culvert 25296 3140

Lateral Weir Breakout Upstream of
Montague

25295-21832
3134

6

Inflow at Montague Avenue 21821 4194 1230

Lateral Weir Breakout Downstream of
UPPR Trestle

20838-19390 4178 16

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-17602 4178 0

Inflow at Yosemite Avenue 17465 4268 401

Lateral Weir Breakout Downstream of
Yosemite Avenue

17460-16654 4268 0

Inflow from Piedmont Creek 16437 5608 1842

Lateral Weir Breakout Downstream
Piedmont Creek

16654-14467 5434 481 2

Inflow from Los Coches Creek 14422 6648 2 1848

Calaveras Boulevard 13887 6648 2 0

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel flow
due differences in the time to peak between the tributary and Berryessa Creek.

2. Includes losses from lateral weir flow downstream of Los Coches Creek Inflow, so discharge do not add
up correctly
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Figure 5-9 0.2% Chance Exceedance Event Floodplain for Alternative 3B
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5.6 Alternative 3B –Walled Trapezoidal Channel - FEMA-Certification Protection

Alternative 4B consists of a FEMA certifiable level of protection upstream and downstream
of the I-680 culvert. Alternative 4B is fundamentally the same as Alternatives 2A and 3A,
with the major project features being the same. The primary difference is that the channel
excavation/modifications downstream of the I-680 culvert were based on a terraced earthen
bottom channel with concrete floodwalls on the terraces. This would allow Alternative 4B to
be constructed within the existing right-of-way. In some locations, the right-of-way
restrictions require adaptation of the typical section to accommodate the access road within
the available right-of-way. In areas with limited right-of-way (e.g. in the vicinity of
Montague Expressway), the access road would need to be located on the channel side of the
floodwall to allow for additional conveyance area.

Alternative 4B consists of the following project features:

 A 3-ft parapet wall and debris trap upstream of Old Piedmont Road
 Replace Old Piedmont Bridge with a 36-ft span bridge
 Construct riffle and pools with boulder weirs between Old Piedmont Road and

Cropley Avenue
 Replace Piedmont-Cropley Culvert with 28-ft box
 Lower sediment basin bed by 4 feet.
 Excavate floodplain terrace and construct floodwall with maximum 2-ft height in the

Greenbelt Reach.
 Replace Morrill Avenue with 32-ft span
 Removal of existing dragons teeth, channel invert smoothing, bridge replacement at

Cropley Avenue Culvert with 24 ft span
 Construct up to 3-ft concrete parapet wall from Morrill Ave. to I-680.
 Excavate 10- bottom width earthen channel with a 10-ft and 32-ft vegetated terrace

channel with a concrete floodwalls up to 2-ft above original ground elevation from I-
680 to Ames Ave.

 Replacement of the Montague Culvert with 60-foot span with 3-foot headwall
 Replacement of the UPRR Trestle with a triple 15ft x 12ft box culvert.
 Replacement of the UPRR Culvert with a triple 40-ft bridge
 Excavate 10- bottom width earthen channel with a 10-ft and 32-ft vegetated terrace

channel with a concrete floodwalls up to 3-ft above original ground elevation from
Ames Ave to Yosemite Drive.

 Excavate 10- bottom width earthen channel with a 10-ft and 32-ft vegetated terrace
channel with a concrete floodwalls up to 6-ft above original ground elevation from
Yosemite to downstream of Calaveras Blvd.

 Construct 100-ft bridge with 4-ft headwall at Los Coches Street
 Construct 100-ft raised deck bridge with 6-ft headwall at Calaveras Blvd.

Table 5-11 lists the resulting channel and breakout flows for the Alternative 4B HEC-RAS
model. The 0.2% chance exceedance floodplain was developed for Alternative 4B using the
methods outlined in Chapter 1. Figure 5-10 shows the area of inundation for Alternative 4B.
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Table 5-11 Original GRR Model Results for Alternative 4B Walled Trapezoidal Channel – FEMA
Certifiable Protection - 0.2% Chance Exceedance Flood Event

LOCATION
RAS

STATION

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 36242 2130

Breakout at Old Piedmont Road Bridge 35249 2125 22

Sweigert Creek - Old Location 35029 2125

Breakout at Cropley/Piedmont Culvert 34041 2125 0

Inflow at Sweigert Creek – Corrected
Location

33136 2277 432

Lateral Weir Breakout Upstream of Crosley
Creek

31895-31026 2276 1

Inflow at Crosley Creek 30478 2577 535

Lateral Weir Breakout Upstream Morrill
Avenue

30468-29993 2573 4

Inflow at Sierra Creek 28656 3113 1848

Breakout at Morrill Avenue Culvert 28447 3113 0

Downstream Cropley Avenue 25744 3113

I-680 Culvert 25296 3140

Lateral Weir Breakout Upstream of
Montague

25295-21832
3138

2

Inflow at Montague Avenue 21821 4194 1230

Lateral Weir Breakout Downstream of
UPPR Trestle

20838-19390 4177 17

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-17602 4177 0

Inflow at Yosemite Avenue 17465 4267 401

Lateral Weir Breakout Downstream of
Yosemite Avenue

17460-16654 4267 0

Inflow from Piedmont Creek 16437 5607 1842

Lateral Weir Breakout Downstream
Piedmont Creek

16654-14467 5110 668

Inflow from Los Coches Creek 14422 6458 1848

Calaveras Boulevard 13887 6458 0

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel
flow due differences in the time to peak between the tributary and Berryessa Creek.
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Figure 5-10 0.2% Chance Exceedance Event Floodplain for Alternative 4B
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CHAPTER 6: FINAL ARRAY OF ALTERNATIVES

The final array of project alternatives were analyzed using the Lower Berryessa Creek FLO-
2D model, described in Chapter 2. Four alternatives, Alternatives 2A/d, 2B/d, 4/d, and 5,
were run using the revised GRR methodology models. Of the four alternatives, only
Alternatives 2A/d and 5 have breakouts from the Berryessa Creek channel for the modeled
events. Alternatives 2B/d and 4/d were developed to meet FEMA certification requirements
using risk-based principles assuming SCVWD Bypass (see Appendix B Part I: Hydraulic
Modeling of Alternatives for more details) is constructed upstream of I-680. The SCVWD
Bypass design results in higher flow rates at I-680 resulting in Alternative 2B/d and 4/d
having a larger conveyance capacity, which allows both alternatives to convey up to the 0.2%
chance exceedance event. Therefore no floodplains were developed for Alternatives 2B/d and
4/d.

6.1 Alternative 2A/d – Incised Trapezoidal Channel - Moderate Protection

Alternative 2A/d consists of a 1% chance exceedance event level of protection upstream of
the I-680 culvert. The formulation of Alternative 2A/d was based on the Alternative 2A from
the preliminary array of alternatives with the upstream component eliminated between the
preliminary and final arrays (see Berryessa Creek GRR Study F5 Report for details). A
complete description of the changes in the Alternative 2A in the preliminary array of
alternatives to Alterative 2A/d in the final array of alternatives can be found in Appendix B
Part I: Hydraulic Modeling of Alternatives.

The inflow to the Lower Berryessa Creek FLO-2D model were developed using the
Alternative 2A/d HEC-RAS model (see Appendix B Part I: Hydraulic Modeling of
Alternatives). The Alt 2A/d floodplain mapping for the upper Berryessa Creek is the same as
the Without-Project Berryessa Creek FLO-2D model and the results are not repeated in the
following tables (see Section 3.2 for the Upper Berryessa Without-Project results). . Table
6-1 and Table 6-2 list the resulting channel and breakout flows for the Alternative 2A/b
HEC-RAS model. The 0.5 and 0.2 percent chance exceedance floodplains were developed
for Alternative 2A/d using the methods outlined in Chapter 1. Figure 6-1 and Figure 6-2
show the area of inundation for Alternative 2A.
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Table 6-1 Flows for Alternative 2A/d - 0.5% Chance Percent Exceedance Flood Event

LOCATION
RAS

STATION

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

I-680 Culvert 25296 1,611

Lateral Weir Breakout Upstream of
Montague

25295-21832 1,1476 55

Inflow at Montague Avenue 21821 2,439 1,077

Lateral Weir Breakout Downstream of
Montague Avenue

21666-21270 2,438 0

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-17602 2,399 0

Inflow at Yosemite Avenue 17465 2,587 354

Lateral Weir Breakout Downstream of
Yosemite Avenue

17460-16654 2,542 32

Inflow from Piedmont Creek 16437 3,421 1,691

Lateral Weir Breakout Downstream
Piedmont Creek

16654-14467 3,121 230

Inflow from Los Coches Creek 14422 4,347 1,583

Calaveras Boulevard 13887 4,324 0

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel flow
due differences in the time to peak between the tributary and Berryessa Creek.



BERRYESSA CREEK PROJECT, SANTA CLARA COUNTY, CALIFORNIA
February 2013 Chapter 6: Final Array of Alternatives

6-3

Appendix B: Engineering and Design Part II: Floodplain Development

Table 6-2 Flows for Alternative 2A/d - 0.2% Chance Percent Exceedance Flood Event

LOCATION
RAS

STATION

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

I-680 Culvert 25296 1,770

Lateral Weir Breakout Upstream of
Montague

25295-21832 1,362 234

Inflow at Montague Avenue 21821 2,511 1,230

Lateral Weir Breakout Downstream of
Montague Avenue

21666-21270 2,510 0

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-17602 2,505 0

Inflow at Yosemite Avenue 17465 2,861 401

Lateral Weir Breakout Downstream of
Yosemite Avenue

17460-16654 2,640 134

Inflow from Piedmont Creek 16437 3,910 1,842

Lateral Weir Breakout Downstream
Piedmont Creek

16654-14467 3,123 276

Inflow from Los Coches Creek 14422 4,378 1,848

Calaveras Boulevard 13887 4,360 0

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel
flow due differences in the time to peak between the tributary and Berryessa Creek.
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Figure 6-1 0.5% Exceedance Probability Event Floodplain for Alternative 2A



BERRYESSA CREEK PROJECT, SANTA CLARA COUNTY, CALIFORNIA
February 2013 Chapter 6: Final Array of Alternatives

6-5

Appendix B: Engineering and Design Part II: Floodplain Development

Figure 6-2 0.2% Exceedance Probability Event Floodplain for Alternative 2A
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6.2 Alternative 5 – Authorized Project

Alternative 5 is the Authorized Project and is a single-purpose flood risk management project
that includes mitigation of adverse effects as authorized by Congress in 1990. Alternative 5
begins 600 feet upstream of Old Piedmont Road Bridge and extends to 50 feet downstream
of Calaveras Boulevard Bridge. A complete description of Alternative 5 can be found in
Appendix B Part I: Hydraulic Modeling of Alternatives. Appendix B Part I: Hydraulic
Modeling of Alternatives.

The Alternative 5 HEC-RAS model was used to develop the breakout flows into the lower
Berryessa Floodplain (see Appendix B Part I: Hydraulic Modeling of Alternatives). The
breakout flows were then routed through the Lower Berryessa FLO-2D model to develop the
lower Berryessa Creek floodplain mapping. The Alternative 5 Upper Berryessa Creek FLO-
2D model (described in Section 2.3) was used to develop the Upper Berryessa Creek
floodplains. Table 6-3 to Table 6-5 list the resulting channel and breakout flows for the
Alternative 5 HEC-RAS model. The 1, 0.5, and 0.2 percent chance exceedance floodplains
were developed for Alternative 5 using the methods outlined in Chapter 1. Figure 6-3 to
Figure 6-5 show the area of inundation for Alternative 5.

As seen in the tables and figures, breakouts occur at Calaveras Boulevard and Los Coches
Avenue for the 1% chance exceedance event. Alternative 5 was originally designed to
convey the 1% chance exceedance event when authorized by Congress in 1990. Since then a
number of changes have occurred in the watershed including improvement downstream of
Calaveras Boulevard which changed the downstream boundary conditions from what were
used to design Alternative 5. In addition, refinement of the Berryessa Creek hydrology also
impacted the results.
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Table 6-3 Flows for Alternative 5 - 1% Chance Percent Exceedance Flood Event

LOCATION
RAS

STATION/
FLO-2D GRID

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 31422 1,426

Breakout at Old Piedmont Road Bridge 31062 1,420 0

Sweigert Creek - Old Location 30722 1,455

Breakout at Cropley/Piedmont Culvert 30382 1,427 0

Inflow at Sweigert Creek – Corrected
Location

28502 1,514 308

Lateral Weir Breakout Upstream of
Crosley Creek

2379-25992 1,506 0

Inflow at Crosley Creek 23342 1,553 329

Lateral Weir Breakout Upstream Morrill
Avenue

1842-21142 1,602 0

Inflow at Sierra Creek 13262 2,003 1421

Breakout at Morrill Avenue Culvert 12792 2,002 0

Downstream Cropley Avenue 7882 1,997

I-680 Culvert 252963 1,998

Lateral Weir Breakout Upstream of
Montague

25295-218323 1,995 4

Inflow at Montague Avenue 218213 2,243 928

Lateral Weir Breakout Downstream of
Montague Avenue

21666-212703 2,241 0

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-176023 2,231

Inflow at Yosemite Avenue 174483 2,341 317

Inflow from Piedmont Creek 164373 3,179 858

Lateral Weir Breakout Downstream of
Yosemite Avenue

14467-174603 3,161 0

Inflow from Los Coches Creek 144223 4,222 928

Calaveras Boulevard 138873 4,118 161

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel flow
due differences in the time to peak between the tributary and Berryessa Creek.

2. Upper FLO-2D Model Grid
3. Lower HEC-RAS Model Station
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Table 6-4 Flows for Alternative 5 - 0.5% Chance Percent Exceedance Flood Event

LOCATION
RAS

STATION/
FLO-2D GRID

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 31422 1,828

Breakout at Old Piedmont Road Bridge 31062 1,846 0

Sweigert Creek - Old Location 30722 1,890

Breakout at Cropley/Piedmont Culvert 30382 1,617 273

Inflow at Sweigert Creek – Corrected
Location

28502 1,748 379

Lateral Weir Breakout Upstream of
Crosley Creek

2379-25992 1,635 113

Inflow at Crosley Creek 23342 1,794 375

Lateral Weir Breakout Upstream Morrill
Avenue

1842-21142 1,874 0

Inflow at Sierra Creek 13262 2,375 1493

Breakout at Morrill Avenue Culvert 12792 2,367 8

Downstream Cropley Avenue 7882 2,325

I-680 Culvert 252963 2,358

Lateral Weir Breakout Upstream of
Montague

25295-218323 1,471 277

Inflow at Montague Avenue 218213 2,604 1072

Lateral Weir Breakout Downstream of
Montague Avenue

21666-212703 2,566 0

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-176023 2,582 0

Inflow at Yosemite Avenue 174483 2,826 361

Inflow from Piedmont Creek 164373 3,679 901

Lateral Weir Breakout Downstream of
Yosemite Avenue

14467-174603 3,518 110

Inflow from Los Coches Creek 144223 4,738 911

Calaveras Boulevard 138873 4,281 418

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel flow
due differences in the time to peak between the tributary and Berryessa Creek.

2. Upper FLO-2D Model Grid
3. Lower HEC-RAS Model Station
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Table 6-5 Flows for Alternative 5 - 0.2% Chance Percent Exceedance Flood Event

LOCATION
RAS

STATION/
FLO-2D GRID

CHANNEL
FLOW
(CFS)

PEAK
TRIBUTARY

INFLOW1

(CFS)

BREAKOUT
FLOW
(CFS)

Upstream of Old Piedmont Road 31422 2,134

Breakout at Old Piedmont Road Bridge 31062 2,053 81

Sweigert Creek - Old Location 30722 2,036

Breakout at Cropley/Piedmont Culvert 30382 1,646 390

Inflow at Sweigert Creek – Corrected
Location

28502 1,782 438

Lateral Weir Breakout Upstream of
Crosley Creek

2379-25992 1,664 118

Inflow at Crosley Creek 23342 1,829 435

Lateral Weir Breakout Upstream Morrill
Avenue

1842-21142 1,909 0

Inflow at Sierra Creek 13262 2,455 1835

Breakout at Morrill Avenue Culvert 12792 2,419 36

Downstream Cropley Avenue 7882 2,368

I-680 Culvert 252963 2.358

Lateral Weir Breakout Upstream of
Montague

25295-218323 1,446 566

Inflow at Montague Avenue 218213 2,603 1227

Lateral Weir Breakout Downstream of
Montague Avenue

21666-212703 2,566
0

Lateral Weir Breakout Upstream of
Yosemite Avenue

18543-176023 2,572 0

Inflow at Yosemite Avenue 174483 2,826 401

Inflow from Piedmont Creek 164373 3,678 900

Lateral Weir Breakout Downstream of
Yosemite Avenue

14467-174603 3,519 193

Inflow from Los Coches Creek 144223 4,738 951

Calaveras Boulevard 138873 4,282 446

1. The tributary inflows are the peak discharge from the tributary and may not sum to the total channel flow
due differences in the time to peak between the tributary and Berryessa Creek.

2. Upper FLO-2D Model Grid
3. Lower HEC-RAS Model Station
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Figure 6-3 1% Exceedance Probability Event Floodplain for Alternative 5
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Figure 6-4 0.5% Exceedance Probability Event Floodplain for Alternative 5
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Figure 6-5 0.2% Exceedance Probability Event Floodplain for Alternative 5
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